: :ODMA\MHODMA\iManage;24973 1 ; 1 
HEW/RHU/PGA 
August 27, 2001 



PATENT APPLICATION 
Docket No.: 1855. 1070-004 



-1- 



Date ^wcb Jin, oloc? i Express Mail Label No. EL g ) °i l} $ 



Inventor(s): 
Attorney's Docket No. 



Michael J. Briskin, Kristine E. Murphy, Alyson M. Wilbanks 

and Lijun Wu 

1855.1070-004 




NOVEL ANTIBODIES AND LIGANDS FOR "BONZO' 
CHEMOKINE RECEPTOR 



Q 



iy 



10 



BACKGROUND OF THE INVENTION 

Chemokines are a large and growing family of 6-14 kD (non-glycosylated) 
proteins that mediate a wide range of biological functions (Taub, D.D. and Openheim, 
J. J., Ther. Immunol, 7:229-246 (1994)). The chemokines can be divided into families 
based on the position of four cysteine residues that form two disulfide bonds (Kelner, 
%j G.S., et al, Science, 2^:12395-1399 (1994); Bazan, J.F., et aL, Nature, 555:640-644 

(1997); Pin, Y., et al, Nature, 385:61 1-617 (1997)). Chemokine receptors can also be 
divided into families based on the type of chemokine they bind, although, no clear 
structural differences have been identified that distinguish the receptor sub-families 
(Mackay, C.R., 7. Exp. Med, 754:799-802 (1996)). In addition, there are a number of 
so-called "orphan" chemokine receptors (e.g., Bonzo) which share sequence homology 
with well-characterized chemokine receptors, but for which the biological functions and 
1 5 specific receptor agonists remain unknown. 

Chemokines play a vital role in leukocyte adhesion and extravasation. For 
example, in various in vitro assays, chemokines can induce the chemotaxis or 
transendothelial migration of leukocytes (Taub, D.D. and Oppenheim, J.I, Ther. 
Immunol., 7:229-246 (1994)), while in vivo injection (Taub, D.D., et aL J. Clin. Invest, 



97:1931-1941 (1996)) or over-expression of chemokines (Fuentes, M.E., et al, J. 
Immunol, 1 55:5769-5776 (1995)) can result in leukocyte accumulation at the site of 
chemokine injection or expression. Antagonists of chemokines can prevent leukocyte 
trafficking (Bargatze, R.F. and Butcher, E.C., 1 Exp. Med., 775:367-372 (1993)) and 
may have beneficial effects in several models of acute and chronic inflammation 
(Sekido, N., et al, Nature, 565:654-657 (1993); Karpus, WJ., et al, J. Immunol, 
755:5003-5010 (1995)). Chemokines have also been reported to modulate angiogenesis 
(Gupta, S.K., etal, Proc. Natl Acad Set USA, 92:7799-7803 (1995) and 
hematopoiesis (Taub, D.D. and Openheim, J. J., Ther: Immunol, 7:229-246 (1994)), as 
well as T lymphocyte activation (Zhou, Z., et al, J. Immunol 757:4333-4341 (1993); 
Taub, D.D., etal, J. Immunol, 756:2095-2103 (1996)). In addition, several chemokine 
receptors act as co-receptors, along with CD4, for entry of M tropic and T tropic HIV-1 
(Choe, H., et al, Cell, 55:1 135-1 148 (1996); Feng, Y., et al, Science, 272:872-877 
(1996)). 

Leukocyte adhesion to endothelium is thought to involve several overlapping 
steps including rolling, activation and arrest. Rolling leukocytes are exposed to factors 
expressed at the adhesion site resulting in activation of the leukocyte and up-regulation 
of integrin-mediated adhesion. As a consequence of such integrin-mediated 
interactions, leukocytes arrest on the endothelium (Bargatze, R.F. and Butcher, E.C., J. 
Exp. Med., 178:367-372 (1993); Bargatze, R.F., et al, Immunity, 3:99-108 (1995)). 
Leukocyte activation and up-regulation of integrin molecules occurs via a pertussis 
toxin sensitive mechanism that is thought to involve chemokine receptors (Bargatze, 
R.F. and Butcher, B.C., J. Exp. Med., 775:367-372 (1993); Campbell, J.J., etal, 
Science, 279:381-383 (1998)). 

Memory CD4 + lymphocytes can be grouped based upon the expression of 
certain chemokine receptors. For example, CXCR3, CCR2 and CCR5 (Qin, S., et al, 
Eur. J. Immunol, 25:640-647 (1996); Qin, S., etal, J. Clin. Invest, 707:746-754 
(1998); Liao, F., et al, J. Immunol, 752:186-194 (1999)) are all expressed on subsets of 
memory CD4 lymphocytes, and certain chemokines act selectively on naive T cells 
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(Adema, G.J., et al, Nature, 557:713-717 (1997)). Furthermore, several chemokines 
which are ligands for such receptors have been shown to be expressed in inflammatory 
sites (Gonzalo, J.A., et al, J. Clin. Invest., PS:2332-2345 (1996)) and in some cases in 
lymph nodes draining a challenged site (Tedla, N., et al, J. Immunol., 767:5663-5672 
5 (1998)). In vitro derived T H 1/T H 2 lymphocyte lines have also been shown to 

differentially express chemokine receptors. Specifically, T H 1 lymphocytes have been 
shown to selectively express CXCR3 and CCR5, while T H 2 lymphocytes selectively 
express CCR4, CCR8 and CCR3 (Bonecchi, R.G., et al, J.Exp. Med., 757:129-134 
(1998); Sallusto, F.D., et al, 1 Exp. Med., 757:875-883 (1998); Sallusto, F., Science, 
10 277:2005-2007 (1997); Andrew, D.P., et al, J. Immunol 767:5027-5038 (1998); 



UJ Zingoni, A., et al, J. Immunol, 767:547-555 (1998)). Interestingly, in some cases the 

j: chemokines for these respective chemokine receptors, such as MDC for CCR4 and EP- 



10 for CXCR3, are induced by cytokines associated with a T H 1/T H 2 environment 
(Andrew, D.P., et al, J. Immunol 767:5027-5038(1998); Luster, A.D., et al, Nature, 
15 575:672-676 (1985)). 



Hi SUMMARY OF THE INVENTION 

The invention relates to antibodies (immunoglobulins) and antigen-binding 



fragments thereof which bind mammalian Bonzo or portion of the receptor. In one 
embodiment, the antibody or antigen-binding fragment thereof binds human Bonzo. In 

20 another embodiment, the antibody or antigen-binding fragment thereof can inhibit the 
binding of ligand (e.g., SExCkine (Spleen Extracted Chemo kine ) also referred to as 
chemokine alpha-5 (WO 99/27078)) to a mammalian Bonzo. In a preferred 
embodiment, the antibody or antibody-binding fragment can bind human Bonzo and 
inhibit the binding of SExCkine to the receptor. In another embodiment, the antibody 

25 or antigen-binding fragment can bind Bonzo expressed on the membrane of a cell and 
inhibit a cellular response to binding of ligand to Bonzo. 

In another embodiment, the antibody or antigen-binding fragment of the 
invention binds to an epitope which is the same as or is similar to the epitope 
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recognized by mAb 4A1 1, mAb 7A2, mAb 7F3, mAb 9G2 or an antigen-binding 
fragment of any of the foregoing. In another embodiment, the binding of the antibody 
or antigen-binding fragment of the invention to human Bonzo can be inhibited by mAb 
4A1 1, mAb 7A2 or mAb 7F3. In another embodiment, the antibody is mAb 4A1 1, 
5 mAb 7A2, mAb 7F3, mAb 9G2 or an antigen-binding fragment of any of the foregoing. 
The invention also relates to an isolated'cell that produces an antibody or 
antigen-binding fragment of the present invention, including those which bind to 
mammalian Bonzo and inhibit the bindim/of a ligand to the receptor. In one 
embodiment, the isolated cell is murine^ybridoma 4A1 1 (also referred to as murine 
10 hybridoma LS212-4A1 1-30-8) deposi/ed under ATCC Accession No. . In 

another embodiment, the isolated codl is murine hybridoma 7A2 (also referred to as 

murine hybridoma LS212-7A2-32-1) deposited under ATCC Accession No. . 

In another embodiment, the isojmed cell is murine hybridoma 7F3 (also referred to as 

murine hybridoma LS212-7E5-8-7) deposited under ATCC Accession No. . 

15 In another embodiment, th/ isolated cell is murine hybridoma 9G2 (also referred to as 
murine hybridoma LS21/-9G2-7-2). 

The invention also relates to antibodies (immunoglobulin) and antigen-binding 
fragments thereof (e.g., an antigen-binding fragment) which bind mammalian 
SExCkine. In one embodiment, the antibody or antigen-binding fragment thereof binds 
20 human SExCkine. In another embodiment, the antibody or antigen-binding fragment 
thereof can inhibit the binding of SExCkine to receptor. In a preferred embodiment, the 
antibody or antibody-binding fragment can bind human SExCkine and inhibit the 
binding of SExCkine to Bonzo. 

The invention also relates to a method of detecting or identifying an agent (i.e., 
25 molecule or compound) which binds to mammalian Bonzo. In one embodiment, an 
agent which can bind to mammalian Bonzo and inhibit (reduce or prevent) the binding 
of a ligand (e.g., SExCkine) to Bonzo is identified in a competitive binding assay. In 
other embodiments, agents for use in therapy are identified in a direct binding assay. 
Thus, the invention encompasses methods of identifying agents which modulate Bonzo 
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function, such as ligands or other substances which bind a mammalian Bonzo, including 
inhibitors (e.g., antagonists) or promoters (e.g., agonists) of receptor function. A . 
suitable source of a mammalian Bonzo or a ligand-binding variant thereof can be used 
to identify a Bonzo binding agent in accordance with the method of the invention. In 
5 one embodiment, a cell (e.g., cell line, recombinant cell) that expresses a mammalian 
Bonzo or a ligand binding variant thereof is used. In another embodiment, a membrane 
preparation of a cell that expresses a mammalian Bonzo or a ligand binding variant 
thereof is used. 

The invention also relates to therapeutic methods in which agents which can 

10 bind to a mammalian Bonzo and modulate (inhibit or promote) a Bonzo function are 
administered to a subject in need of such therapy. In one embodiment, the therapeutic 
method is a method of treating a subject having an inflammatory disease. In another 
embodiment, the subject has an cancer or an infection (e.g., viral, bacterial, fungal). In 
another embodiment, the therapeutic method is a method of inhibiting a cellular 

15 response (e.g., Ca 2+ flux, chemoxaxis, exocytosis, respiratory burst). In another 
embodiment, the method is a method of modulating a Bonzo function. In another 
embodiment, SExCkine is lpcally administered to a subject to recruit Bonzo + cells to 
the area of administration 

The invention also relates to therapeutic methods in which antibodies or antigen- 

20 binding fragments thereof which bind to SExCkine and inhibit binding of SExCkine to 
receptor are administered to a subject in need of such therapy. In one embodiment, the 
therapeutic method is a method of treating a subject having an inflammatory disease. 

The invention also relates to targeting molecules that can effectuate the 
interaction of a Bonzo + cell with a target cell. The targeting molecule can include a first 

25 binding moiety which binds Bonzo expressed on the surface of a cell and a second 

binding moiety which binds an antigen expressed on the surface of a target cell. In one 
embodiment, the first binding moiety is SExCkine or a receptor-binding variant thereof, 
and the second binding moiety is an antibody or antigen-binding fragment thereof which 
binds a tumor antigen or a viral antigen. 



The invention also relates to therapeutic methods in which targeting molecules 
are administered to a subject in need of such therapy. In one embodiment, the 
therapeutic method is a method of treating a subject having an a tumor or a viral 
infection. / 

The invention further relates to a method for detecting or quantifying a 
mammalian Bonzo or a portion thereof in a biological sample. The method comprises 
combining a biological sample and an agent which binds mammalian Bonzo (e.g., 
SExCkine, anti-Bonzo antibody or antigen-binding fragment of the invention) under 
conditions suitable for binding, and detecting a complex formed between Bonzo and the 
agent. In one embodiment, the biological sample comprises human cells or a fraction of 
said cells (e.g., membrane preparation). 

The invention further relates to a method for detecting or quantifying a 
mammalian SExCkine or portion thereof in a biological sample. The method comprises 
contacting a biological sample and an antibody or antigen-binding fragment of the 
invention under conditions suitable for binding, and detecting a complex formed 
between SExCkine and the antibody or antigen-binding fragment. 

The invention also relates to a test kit for identifying or quantifying a 
mammalian Bonzo or a portion thereof in a biological sample. In one embodiment, the 
kit comprises an antibody of the invention and suitable ancillary reagents. 

The invention also relates to a test kit for identifying or quantifying a 
mammalian SExCkine or a portion thereof in a biological sample. In one embodiment, 
the kit comprises an antibody of the invention and suitable ancillary reagents. 

The present invention further relates to an antibody, antigen-binding fragment, 
targeting molecule or agent as described herein for use in therapy (including 
prophylaxis) or diagnosis, and to the use of such an antibody, antigen-binding fragment, 
targeting molecule or agent for the manufacture of a medicament for the treatment of a 
particular disease or condition as described herein (e.g., an inflammatory disease, 
cancer, infection (e.g., viral, bacterial, fungal)). 



The invention further relates to isolated nucleic acids encoding the antibodies 
and targeting molecules of the invention, and to recombinant constructs and host cells 
comprising nucleic acids encoding the antibodies and targeting molecules of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the nucleic acid sequence of a cDNA encoding human 
(Homo sapiens) Bonzo (SEQ ID NO:l) deposited in GenBank under Accession Number 
AF007545, having an open-reading frame beginning at position 1. 

Figure 2 illustrates the amino acid sequence of human Bonzo polypeptide (SEQ 
ID NO:2) encoded by the DNA sequence shown in Figure 1 (SEQ ID NO:l). 

Figure 3 illustrates the nucleic acid sequence of a cDNA encoding human 
SExCkine (SEQ ID NO:3) and the amino acid sequence of the encoded human 
SExCkine polypeptide (SEQ ID NO:4). The cloned cDNA consists of 1763 nucleotides 
with an open reading frame encoding 254 amino acids. The open reading frame 
includes a predicted signal peptide of 29 amino acids (amino acid residues 1-29 of SEQ 
ID NO: 4, underlined), a predicted membrane proximal mucin domain (amino acid 
residues 1 1 8-201 of SEQ ID NO: 4, boxed), a predicted transmembrane segment (amino 
acid residues 202-226 of SEQ ID NO: 4, underlined) and a cytoplasmic tail (amino acid 
residues 227-254 of SEQ ID NO: 4). 

Figures 4A-4C illustrate the nucleic acid sequence of a cDNA encoding human 
chemokine alpha-5 (SEQ ID NO:5) (WO 99/27078) and the amino acid sequence 
(Figures 4 A and 4B) of the encoded human chemokine alpha-5 polypeptide (SEQ ID 
NO:6). 

Figure 5 illustrates the nucleic acid sequence of a cDNA encoding human 
platelet factor-4 (SEQ ID NO:7) deposited in GenBank under Accession Number 
M25897, having an open-reading frame beginning at position 8. 

Figure 6 illustrates the amino acid sequence of human platelet factor-4 precursor 
polypeptide (SEQ ID NO: 8) encoded by the DNA sequence shown in Figure 5 (SEQ ID 



N0:7). Mature human platelet factor-4 consists of amino acid residues 32-101 (Poncz, 
M., etal, Blood, 69:219-223 (1987)). 

Figure 7 is a histogram showing that transfected LI. 2 cells which express Bonzo 
(Bonzo/Ll .2) undergo SExCkine-induced chemotaxis. Bonzo/L1.2 cells were assayed 
for chemotactic response to undiluted culture supernatant of 293T cells transiently 
transfected with SExCkine (Straight) or to various dilutions of the supernatant (1:2,1 :4, 
1:8 and 1:16). Bkg: chemotaxis in the presence of assay media without chemokine. 

Figures 8A-8D are fluorescence plots showing that mAb 4A1 1, mAb 7A2, mAb 
7F3 and mAb 9G2 each bind to Bonzo/Ll .2 cells. 

Figures 9A-9G are fluorescence plots showing that mAb 7F3 binds to 
Bonzo/Ll. 2 cells but not to LI .2 cells that express CXCR1, CXCR2, CXCR3, CXCR4, 
CXCR5 or to untransfected LI. 2 cells. No binding was detected in further staining 
studies using transfected LI. 2 cells which expressed CCR1, CCR2, CCR3, CCR4, 
CCR5, CCR6, CCR7, CCR8, CCR9, hemagglutinin-tagged (Ha-) Bob, Ha-LyGpr, Ha- 
AJP, Ha-RDC, V28, GPR5, GPR-9-6 or Ha-Af. 

Figure 10 is a graph showing dose dependent inhibition of SExCkine-induced 
chemotaxis of Bonzo/Ll. 2 cells by mAb 7F3 or mAb 4A1 1. Bonzo/Ll. 2 cells were 
• incubated with concentrated supernatant from murine hybridoma 7F3 which produces 
mAb 7F3, from murine hybridoma 4A1 1 which produces mAb 4A1 1, or from a murine 
hybridoma which produces an isotype control antibody (IgG2a or IgG2b), prior to 
exposure to SExCkine. 

Figures 1 1 A-l 1H are fluorescence plots showing Bonzo expression on various 
populations of human peripheral blood mononuclear lymphocytes. Expression of 
Bonzo (x-axis) and lymphocyte subset markers (y-axes) CD3 (Figure 1 1 A), CD4 
(Figure 1 IB), CD8 (Figure 1 1C), CD56 (Figure 1 ID), CD45RO (Figure 1 IE), CD45RA 
(Figure 1 IF), CD20 (Figure 1 1G) and CD 14 (Figure 1 1H) on human peripheral blood 
lymphocytes were assessed by two-color staining. Quadrants were set according to 
staining of isotype control mAbs (IgG2a). The data are representative of multiple 
donors analyzed. 



Figures 12A-12D are fluorescence plots showing Bonzo expression on subsets 
of human peripheral blood CD4 + T lymphocytes. Expression of Bonzo (x-axis) and 
lymphocyte subset markers (y-axes) CLA (Figure 12 A), CD49d (oc4 integrin, Figure 
12B), p7 integrin (Figure 12C) and CD 103 (<xE integrin, Figure 12D) on human 
peripheral blood CD4 + T lymphocytes were assessed by three-color staining, gating on 
CD4 + cells. Quadrants were set according to staining of isotype control mAbs (IgG2a). 
The data are representative of multiple donors analyzed. 

Figures 13 A- 13 J are fluorescence plots showing co-expression of Bonzo and 
other CC or CXC chemokine receptors on human peripheral blood lymphocytes. 
Expression of Bonzo (x-axis) and CC or CXC chemokine receptors (y-axes) CCR1 
(Figure 13 A), CCR2 (Figure 13B), CCR3 (Figure 13C), CCR5 (Figure 13D)), CCR6 
(Figure 13E)), CXCR1 (Figure 13F), CXCR2 (Figure 13G), CXCR3 (Figure 13H), 
CXCR4 (Figure 131) and CXCR5 (Figure 13 J) on human peripheral blood lymphocytes 
were assessed by two-color staining. Quadrants were set according to staining of 
isotype control mAbs (IgG2a). The data are representative of multiple donors analyzed. 

Figures 14 A- 14H are fluorescence plots showing expression of lymphocyte 
subset markers on Bonzo + CD56 + lymphocytes. Expression was analyzed in a three 
color study gating on Bonzo + CD56 + cells (Figures 14A-14D). The gated cells were 
analyzed for expression of CD3 (Figure 14E), CD4 (Figure 14F), CD8 (Figure 14G) or 
y5 T cell receptor (TCR) (Figure 14H). 

Figures 15A-15C are fluorescence plots showing Bonzo expression on 
CD3 + CD56 + and on CD8 + CD56 + human cytotoxic effector cells from peripheral blood. 
Expression of Bonzo and CD56, CD3 and CD8 was analyzed in a four-color study, 
gating on CD56 + cells. Figure 15A is a fluorescence plot showing the population of 
CD56 + which were gated on. The gated CD56 + cells were analyzed for the expression 
of Bonzo (x-axis) and CD3 (y-axis, Figure 15B) or CD8 (y-axis, Figure 15C). 
Quadrants were set according to staining of isotype control mAbs (IgG2a). The data are 
representative of multiple donors analyzed. 



-10- 



Figures 16A-16D are fluorescence plots showing Bonzo expression on CD8 hi , 
CD45RA 10 , CD56 + human peripheral blood T cells. Expression was analyzed in a four- 
color study gating on CD8 hi CD45RA 1 ° cells. The gated cells were analyzed for 
expression of CD56 (y-axis) and Bonzo (x-axis) using mAb 4A1 1 (Figure 16A), mAb 
7F3 (Figure 16B) and mAb 7A2 (Figure 16C). mAb 7H12 which binds CCR7 served 
as a negative control. 

Figures 17A and 17B are fluorescence histograms showing that Bonzo is 
expressed on activated T cell (CD3 blasts, Figure 17 A) and NK cells (LAK cells, Figure 
17B). Bonzo expression was detected by staining, with hybridoma culture supernatant 
containing mAb 7F3. The CD3 Blasts were maintained in IL2 for 9 days prior to 
staining. The LAK cells were activated with IL12 for 6 days. 

Figure 18 is a histogram showing that chemotaxis of lymphokine activated killer 
cells (LAK) was induced by SExCkine. Chemotaxis of LAK cells was also induced by 
RANTES, MIP-3 alpha and MCP-1. However, eotaxin did not induce chemotaxis of 
LAK cells, and no migration was seen in assays that did not contain chemokine. 

Figures 19A-19D are fluorescence plots showing up-regulation of Bonzo 
expression on in vitro derived cytokine-induced killer (CIK) cells. Cells were removed 
from in vitro CIK cultures at day 1 (Figures 19A and 19C) and day 21 (Figures 19B and 
19D) and analyzed for expression of Bonzo in a three-color study, gating of 
CD3 + CD56 + cells. Figures 19A and 19B are fluorescence plots showing the gated 
CD3 + CD56 + cells. Figures 19C and 19D are fluorescence plots showing the expression 
of Bonzo on the gated cells. Bonzo expression was detected by staining with 
hybridoma culture supernatant containing mAb 7F3. 

Figure 20 is a graph showing that expression of Bonzo on in vitro derived CIK 
cells increases over time. At selected time points, cells were analyzed for expression of 
Bonzo by staining with mAb 7F3 or mAb 4A1 1 . 

Figure 21 is a graph showing that SExCkine-induced chemotaxis of CIK cells 
can be inhibited by mAb 7F3, but is not significantly inhibited by irrelevant control 
IgG2b. The in vitro derived CIK cells used in the assay were prepared by 17 days of 



culture. Chemotaxis was measured in control wells that contained no SExCkine (Bkg) 
and control wells that contained culture supernatant of 293T cells transiently transfected 
with SExCkine (total). Antibody inhibition was assessed by incubating CIK cells with 
mAb 7F3 (2 (ig/mL) or isotype control mAb IgG2b (2 jig/mL) for 20 minutes at 37°C 
prior to exposure to SExCkine. 

Figure 22 is a graph showing the time course of activation-induced expression of 
Bonzo on activated human peripheral blood T cells. Human peripheral blood cells were 
activated by culture with immobilized anti-CD3 (OKT3, 5 jag/mL), on day three 
interleukin 2 (IL-2, 100 U/mL) was added to the cultures. Expression of Bonzo was 
assessed at selected times by staining with mAb 4A1 1 or mAb 7F3. 

Figures 23 A-23H are fluorescence plots showing Bonzo expression on in vitro 
derived THland TH2 cells. Chronically activated TH1 and TH2 cells were generated 
from human CD4 + umbilical vein lymphocytes by two cycles of in vitro activation with 
appropriate cytokines. The cells were analyzed by staining with isotype control mAb 
MOPC (IgG2b) (Figures 23A and 23B) 5 mAb 4A1 1 (Figures 23C and 23D), mAb 7F3 
(Figures 23E and 23F) or mAb 1G1, which binds the TH2 subset marker CCR4 (Figures 
23G and 23H). 

Figures 24A-24F are fluorescence histograms showing that Bonzo expression is 
augmented by repeated activation of in vitro derived TH1 cells. Cells which had been 
stimulated by one round of activation (Figures 24A-24C) or two rounds of activation 
(Figures 24D-24F) were stained with anti-Bonzo mAb 7F3 (Figures 24B and 24E), anti- 
CCR4 mAb mAb 1G1 (Figures 24A and 24D) or anti-CCR7 mAb 7H12 (Figures 24C 
and 24F). TH1 cells expressed increased amounts of Bonzo after repeated activation 
(compare Figures 24B and 24E). 

Figures 25 A-25F are fluorescence histograms showing that Bonzo expression is 
augmented by repeated activation of in vitro derived TH2 cells. Cells which had been 
stimulated by one round of activation (Figures 25A-25C) or two rounds of activation 
(Figures 25D-25F) were stained with anti-Bonzo mAb 7F3 (Figures 25B and 25E), anti- 
CCR4 mAb mAb 1G1 (Figures 25A and 25D) or anti-CCR7 mAb 7H12 (Figures 25C 
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and 25F). TH2 cells expressed increased amounts of Bonzo after repeated activation 
(compare Figures 25B and 25E). 

Figures 26A-26F are fluorescence liistograms showing that Bonzo expression is 
augmented by repeated activation of in vitro derived TR1 cells. Cells which had been 
stimulated by one round of activation (/Figures 26A-26C) or two rounds of activation 
(Figures 26D-26F) were stained witl/anti-Bonzo mAb 7F3 (Figures 26B and 26E), anti- 
CCR4 mAb mAb 1G1 (Figures 26A and 26D) or anti-CCR7 mAb 7H12 (Figures 26C 
and 26F). TR1 cells expressed irrcreased amounts of Bonzo after repeated activation 
(compare Figures 26B and 26E#. 

Figure 27 is a histogram showing that chemotaxis of in vitro derived TH1, TH2 
and TR1 cells was induced by SExCkine. Chemotaxis of the TH1, TH2 and TR1 cells 
was also induced by RANTES. However, only TH2 cells migrated significantly in 
cultures containing MDC. No chemotaxis was observed in cultures that did not contain 
chemokine (-). 

Figure 28 is a histogram showing that SExCkine-induced chemotaxis of TH2 
cells was inhibited by mAb 7F3 or mAb 4A1 1 . TH2 cells were incubated with 
concentrated supernatant from murine hybridoma 7F3 which produces mAb 7F3, from 
murine hybridoma 4A1 1 which produces mAb 4A1 1 , or from a murine hybridoma 
which produces an isotype control antibody (IgGl), prior to exposure to SExCkine. 
Background is the number of cells that migrated in wells containing assay media 
without chemokine. 

Figure 29 is a histogram showing that chemotaxis of Bonzo/L1.2 cells is 
induced by amino-terminal fragments of human SExCkine. Chemotaxis was assessed 
in assays using Bonzo/L1.2 cells and conditioned culture supernatant from 293T cells 
transiently transfected with an expression vector encoding residues 1-199 of human 
SExCkine (SEQ ID NO:4) fused to human alkaline phosphatase (pDREF 
SExCkine/SEAP) or with a nucleic acid encoding residues 1-155 of human SExCkine 
(SEQ ID NO:4) cloned into expression vector pEF or pCDEF3. Bonzo/Ll .2 cells were 
assayed for chemotactic response to undiluted culture supernatants of transiently 
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transfected 293T cells or to various dilutions of the supematants (1 :2, 1:4, 1:8 and 1:16). 
Background migration was determined in cultures which contained assay media without 
chemokine. 

Figure 30 illustrates the predicted structure of the transmembrane form of human 
SExCkine. 

Figure 3 1 is a graph showing dose dependent inhibition of SExCkine-induced 
chemotaxis of Bonzo/L1.2 cells by mAb 7A2 or mAb 9G2. Bonzo/L1.2 cells were 
incubated with concentrated supernatant from murine hybridoma 7A2 which produces 
mAb 7A2, from murine hybridoma 9G2 which produces mAb 9G2, or from a.murine 
hybridoma which produces an isotype control antibody (IgG2a or IgM), prior to 
exposure to SExCkine. 

Figure 32 is a graph illustrating dose dependent inhibition of SExCkine-induced 
chemotaxis of Bonzo/L1.2 cells by anti-Bonzo antibodies in an in vitro chemotaxis 
assay. Bonzo/L1.2 cells were incubated with purified mAb 7F3, with anti-human 
STRL33/Bonzo monoclonal antibody from R&D Systems, Minneapolis, MN (catalogue 
number MAB699) or isotype control antibodies (IgG2a or IgG2b), prior to exposure to 
SExCkine. The IC 50 for mAb 7F3 was determined to be 0.025 |ig/mL, and the IC 50 for 
the antibody from R&D systems was determined to be 7.97 (ig/mL. 

DETAILED DESCRIPTION OF THE INVENTION 

Chemokines and their receptors constitute an important component in the 
regulation of directed leukocyte migration. Chemokines are produced at sites of 
inflammation and attract various leukocytes bearing the corresponding receptors. While 
the spectrum of chemokines expressed at the inflammatory site can differentially attract 
certain inflammatory cells, selectivity and variation in chemokine receptor expression 
on leukocytes provides further regulation to ensure appropriate cell recruitment in 
response to particular inflammatory stimuli. As the number of identified and 
characterized chemokine receptors continues to grow, it is becoming increasingly clear 
that cells selectively express several receptors which may identify, mark, or otherwise 
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characterize functional subsets of leukocytes such as T H 1, T H 2 and T R 1, naive and 
memory, activated and quiescent T cells. Because several characterized and/or orphan 
chemokine receptors can be co-expressed on individual cells, it has been difficult to 
validate the role of specific receptors in the initiation and progression of disease or, for 
that matter, in normal immune function. 

As described herein, a study of the orphan chemokine receptor Bonzo (also 
referred to as STRL33 (Liao, F. et al.,J. Exp. Med., 755:2015-2023 (1997), TYMSTR 
(Loetscher, M. et ai, Current Biology, 7:652-660 (1997) and HBMBU14 (Elshourbagy 
et al 9 U.S. Patent No. 5,824,504; EP 0 834 563 A2)) was conducted. In the course of 
the study, a chemokine which binds and activates Bonzo was isolated. This chemokine 
is referred to herein as SExCkine (also referred to as chemokine alpha- 5 (WO 
99/27078)). Antibodies which bind human Bonzo (e.g., mAb 4A1 1, mAb 7A2, mAb 
7F3, mAb 9G2) were produced and used to analyze the expression and function of the 
receptor on various types of leukocytes. The receptor was found to be expressed on 
small populations of both CD4 + and CD8 + T cells and on CD167CD56* NK cells, but 
was not found on CD197CD20* B cells or CD14 + monocytes. The receptor is 
expressed by both skin homing (CLA + ) and mucosal homing (a4p7 hl and aE + ) CD4 + 
lymphocytes. Bonzo is expressed predominantly on the memory subset of lymphocytes 
(CD45RO hi ), however, some expression was detected on naive (CD45RA hl ) cells. 
Bonzo expression was increased on activated cells (e.g., in vitro derived CD3 blasts, 
T H 1, T H 2, T R 1 and lymphokine-activated killer cells (LAK)). 

The invention relates to the chemokine receptor Bonzo and to agents (e.g., 
ligands, antibodies, antagonists, agonists) which bind to the receptor. In one aspect, the 
invention relates to methods for detecting or identifying an agent (i.e., molecule or 
compound) which can bind to a mammalian Bonzo or a ligand-binding variant thereof. 
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Binding Assays 

As .used herein "mammalian Bonzo" refers to naturally occurring or endogenous 
mammalian Bonzo proteins and to proteins having an amino acid sequence which is the 
same as that of a naturally occurring or endogenous corresponding mammalian Bonzo 
protein (e.g., recombinant proteins, synthetic proteins (i.e., produced using the methods 
of synthetic organic chemistry)). Accordingly, as defined herein, the term includes 
mature receptor protein, polymorphic or allelic variants, and other isoforms of a 
mammalian Bonzo (e.g., produced by alternative splicing or other cellular processes), 
and modified or unmodified forms of the foregoing (e.g., lipidated, glycosylated, 
unglycosylated). Naturally occurring or endogenous mammalian Bonzo proteins 
include wild type proteins such as mature Bonzo, polymorphic or allelic variants and 
other isoforms which occur naturally in mammals (e.g., humans, non-human primates). 
Such proteins can be recovered or isolated from a source which naturally produces 
mammalian Bonzo, for example. These proteins and mammalian Bonzo proteins 
having the same amino acid sequence as a naturally occurring or endogenous 
corresponding mammalian Bonzo, are referred to by the name of the corresponding 
mammal. For example, where the corresponding mammal is a human, the protein is 
designated as a human Bonzo protein (e.g., a recombinant human Bonzo produced in a 
suitable host cell). 

"Functional variants" of mammalian Bonzo proteins include functional 
fragments, functional mutant proteins, and/or functional fusion proteins which can be 
produce using suitable methods (e.g., mutagenesis (e.g., chemical mutagenesis, 
radiation mutagenesis), recombinant DNA techniques). A "functional variant" is a 
protein or polypeptide which has at least one function characteristic of a mammalian 
Bonzo protein as described herein, such as a binding activity, a signaling activity and/or 
ability to stimulate a cellular response. Preferred functional variants can bind a ligand 
(i.e., one or more ligands, such as SExCkine). 

Generally, fragments or portions of mammalian Bonzo proteins include those 
having a deletion (i.e., one or more deletions) of an amino acid (i.e., one or more amino 



-16- 



acids) relative to the mature mammalian Bonzo protein (such as N-terminal, C-terminal 
or internal deletions). Fragments or portions in which only contiguous amino acids 
have been deleted or in which non-contiguous amino acids have been deleted relative to 
mature mammalian Bonzo protein are also envisioned. 

Mutant mammalian Bonzo proteins include natural or artificial variants of a 
mammalian Bonzo protein differing by the addition, deletion and/or substitution of one 
or more contiguous or non-contiguous amino acid residues (e.g., receptor chimeras). 
Such mutations can occur at one or more sites on a protein, for example a conserved 
region or nonconserved region (compared to other chemokine receptors or G-protein 
coupled receptors), extracellular region, cytoplasmic region, or transmembrane region. 

Fusion proteins encompass polypeptides comprising a mammalian Bonzo (e.g., 
human Bonzo) or a variant thereof as a first moiety, linked via a covalent bond (e.g., a 
peptide bond) to a second moiety not occurring in the mammalian Bonzo as found in 
nature. Thus, the second moiety can be an amino acid, oligopeptide or polypeptide. 
The second moiety can be linked to the first moiety at a suitable position, for example, 
the N-terminus, the C-terminus or internally. In one embodiment, the fusion protein 
comprises an affinity ligand (e.g., an enzyme, an antigen, epitope tag (e.g., 
hemagglutinin (HA)), a binding domain) as the first moiety, and a second moiety 
comprising a linker sequence and human Bonzo or a portion thereof. Additional (e.g., 
third, fourth) moieties can be present as appropriate. 

In one embodiment, a functional variant of mammalian Bonzo (e.g., a ligand 
binding variant) shares at least about 80% amino acid sequence similarity with said 
mammalian Bonzo, preferably at least about 90% amino acid sequence similarity, and 
more preferably at least about 95% amino acid sequence similarity with said 
mammalian Bonzo. In another embodiment, a functional fusion protein comprises a 
first moiety which shares at least about 85% sequence similarity with a mammalian 
Bonzo, preferably at least about 90% sequence similarity, and more preferably at least 
about 95% sequence similarity with a mammalian Bonzo (e.g., a human Bonzo (e.g., 
SEQ ID NO:2)), In another embodiment, a functional mammalian Bonzo protein or 
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functional variant of a mammalian Bonzo protein shares at least about 80% amino acid 
sequence similarity, preferably at least about 90% amino acid sequence similarity, and 
more preferably at least about 95% amino acid sequence similarity with a naturally 
occurring human Bonzo (e.g., SEQ ID NO:2). Amino acid sequence similarity can be 
determined using a suitable sequence alignment algorithm, such as the Lasergene 
system (DNASTAR, Inc., Madison, WI), using the Clustal method with the PAM 250 
residue weight table, a gap penalty of 10, a gap length penalty of 10 and default 
parameters (pairwise alignment parameters: ktuple = 1, gap penalty = 3, window = 4 
and diagonals saved = 5). In one embodiment, a mammalian Bonzo or portion thereof 
is encoded by a nucleic acid sequence which is different from a naturally-occurring 
nucleic acid sequence, but which, due to the degeneracy of the genetic code, encodes 
mammalian Bonzo or a portion thereof. 

A composition comprising a mammalian Bonzo or functional variant thereof can 
be used in a binding assay to detect and/or identify agents that can bind to the receptor. 
Compositions suitable for use in a binding assay include, for example, cells which 
naturally express a mammalian Bonzo or functional variant thereof, such as Bonzo + 
memory lymphocytes, CD3 + CD56 + CD8 + Bonzo + cytotoxic effector cells, lymphokine- 
activated killer (LAK) cells, cytokine-induced killer (CIK) cells, anti-CD3 generated 
lymphoblasts, cell lines and recombinant cells comprising an exogenous nucleic acid 
sequence which encodes a mammalian Bonzo or functional variant thereof. 
Compositions suitable for use in a binding assay also include, membrane preparations 
which comprise a mammalian Bonzo or functional variant thereof. Such membrane 
preparations can contain natural (e.g., plasma membrane) or synthetic membranes. 
Preferably, the membrane preparation is a membrane fraction of a cell that expresses a 
mammalian Bonzo or a functional variant thereof. 

In one embodiment, the method of detecting or identifying an agent that binds to 
a mammalian Bonzo is a competitive binding assay in which the ability of a test agent 
to inhibit the binding of a reference agent (e.g., a ligand, an antibody) is assessed. For 
example, the reference agent can be labeled with a suitable label as described herein, 
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and the amount of labeled reference agent required to saturate the Bonzo present in the 
assay can be determined. A saturating amount of labeled reference agent and various 
amounts of a test agent can be contacted with a composition comprising a mammalian 
Bonzo or functional variant thereof under conditions suitable for binding, and complex 
5 formation determined. In this type of assay, a decrease in the amount of complex 
formed between the labeled reference agent and Bonzo or functional variant thereof 
indicates that the test agent binds to Bonzo. 

The formation of a complex between the reference agent and the Bonzo or 
functional variant thereof can be detected or measured directly or indirectly using any 

10 suitable method. For example, the reference agent can be labeled with a suitable label 
and the formation of a complex can be determined by detection of the label. The 
specificity of the complex can be determined using a suitable control such as excess 
unlabeled reference agent or label alone. Labels suitable for use in detection of a 
complex between an agent and a mammalian Bonzo or functional variant thereof 

15 include, for example, a radioisotope, an epitope label (tag), an affinity label (e.g., biotin, 
avidin), a spin label, an enzyme, a fluorescent group or a chemiluminescent group. 
When labels are not employed, complex formation can be determined by surface 
plasmon resonance or other suitable methods. 

The capacity of the test agent to inhibit the formation of a complex between the 

20 reference agent and a mammalian Bonzo can be reported as the concentration of test 
agent required for 50% inhibition (IC 50 values) of specific binding of labeled reference 
agent. Specific binding is preferably defined as the total binding (e.g., total label in 
complex) minus the non-specific binding. Non-specific binding is preferably defined 
as the amount of label still detected in complexes formed in the presence of excess 

25 unlabeled reference agent. Reference agents which are suitable for use in the method 
include molecules and compounds which specifically bind to a mammalian Bonzo or a 
functional variant thereof, for example, a chemokine ligand of Bonzo or an antibody. In 
one embodiment, neither the reference agent nor the test agent is platelet factor 4 or a 



o 
m 



u 
fU 
Q 



-19- 



Bonzo-binding variant (e.g., fragment) thereof. In a preferred embodiment, the 
reference agent is a mammalian SexCkine or a receptor-binding variant thereof. 

As used herein "mammalian SExCkine" refers to naturally occurring or 
endogenous mammalian SExCkine proteins (e.g., SEQ ID NO:4, SEQ ID NO:6) and to 
proteins having an amino acid sequence which is the same as that of a naturally 
occurring or endogenous corresponding mammalian SExCkine protein (e.g., 
recombinant proteins, synthetic proteins (i.e., produced using the methods of synthetic 
organic chemistry)). Accordingly, as defined herein, the term includes mature protein, 
polymorphic or allelic variants, and other isoforms of a mammalian SExCkine (e.g., 
produced by alternative splicing, proteolytic processing or other cellular processes), and 
modified or unmodified forms of the foregoing (e.g., lipidated, glycosylated (e.g., with 
glycosaminoglycans), unglycosylated, ). Naturally occurring or endogenous 
mammalian SExCkine proteins include wild type proteins such as transmembrane 
SExCkine and soluble SExCkine, polymorphic or allelic variants and other isoforms 
which occur naturally in mammals (e.g., humans, non-human primates). Such proteins 
can be recovered or isolated from a source which naturally produces mammalian 
SExCkine, for example. These proteins and mammalian SExCkine proteins having the 
same amino acid sequence as a naturally occurring or endogenous corresponding 
mammalian SExCkine, are referred to by the name of the corresponding mammal. For 
example, where the corresponding mammal is a human, the protein is designated as a 
human SExCkine protein (e.g., a recombinant human SExCkine produced in a suitable 
host cell). 

"Receptor-binding variants" of mammalian SExCkine proteins include receptor- 
binding fragments (e.g., proteolytic fragments), receptor-binding mutant proteins and 
receptor-binding fusion proteins which can be produce using suitable methods (e.g., 
mutagenesis (e.g., chemical mutagenesis, radiation mutagenesis), recombinant DNA 
techniques). A "receptor-binding vacant" can be identified using a suitable receptor- 
receptor binding assay such as a B</nzo-binding assay described herein. 
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Generally, fragments or portions of mammalian SExCkine proteins include 
those having a deletion (i.e., one or more deletions) of an amino acid (i.e., one or more 
amino acids) relative to the mature mammalian SExCkine protein (such as N-terminal, 
C-terminal or internal deletions). Fragments or portions in which only contiguous 
5 amino acids have been deleted or in which non-contiguous amino acids have been 
deleted relative to mature mammalian SExCkine protein are also envisioned. 

Mutant mammalian SExCkine proteins include natural or artificial variants of a 
mammalian SExCkine protein differing by the addition, deletion and/or substitution of 
one or more contiguous or non-contiguous amino acid residues (e.g., receptor chimeras). 

10 Such mutations can occur at one or more sites on a protein, for example a conserved 
region or nonconserved region (compared to other chemokines), extracellular region, 
cytoplasmic region, or transmembrane region. 

Fusion proteins encompass polypeptides comprising a mammalian SExCkine 
(e.g., human SExCkine) or a receptor-binding variant thereof as a first moiety, linked 

15 via a covalent bond (e.g., a peptide bond) to a second moiety not occurring in the 

mammalian SExCkine or variant as found in nature. Thus, the second moiety can be an 
amino acid, oligopeptide or polypeptide. The second moiety can be linked to the first 
moiety at a suitable position, for example, the N-terminus, the C-terminus or internally. 
In one embodiment, the fusion protein comprises an affinity ligand (e.g., an enzyme, an 

20 antigen, epitope tag, a binding domain) as the first moiety, and a second moiety 
comprising a linker sequence and human SExCkine or a portion thereof. Additional 
(e.g., third, fourth) moieties can be present as appropriate. 

Receptor-binding variants of SExCkine include, for example, polypeptides 
which have the amino acid sequence of residues 1-202, 30-202, 1-155, 30-155, 1-1 17 or 

25 30-1 17 of human SExCkine (e.g., SEQ ID NO:4). Additional receptor-binding variants 
of mammalian SExCkine (e.g., human SExCkine) can be polypeptides of from about 10 
to about 128 amino acid residues or from about 40 to about 80 amino acid residues 
which comprise the amino acid sequence of a portion of the extracellular region of 
mammalian SExCkine (e.g., residues 30-202 of SEQ ID NO:4). For example, a 
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synthetic peptide consisting of amino acid residues 30 (Asn) to 95 (Ser) of human 
SExCkine (SEQ ID NO:4) has been synthesized. This sixty-six amino acid peptide 
bound Bonzo and induced migration of Bonzo/L1.2 cells in a chemotaxis assay. 

Receptor-binding variants of mammalian SExCkine also include proteins and 
5 polypeptides in which one or more naturally occurring amino acid residues are 
conservatively substituted. A conservative amino acid substitution refers to the 
replacement of a first amino acid by a second amino acid that has chemical and/or 
physical properties (e.g., charge, structure, polarity, hydrophobicity/hydrophilicity) 
which are similar to those of the first amino acid. Groups of amino acids with similar 
^ 10 chemical and/or physical properties include, for example, those with hydrophilic side 

S chains (e.g., asparagine, glutamine, serine, threonine, tyrosine, lysine, arginine, 

Jr histidine, aspartate, glutamate), hydrophobic side chains (e.g., alanine, valine, leucine, 

Q 

^ isoleucine, proline, phenylalanine, tryptophan, methionine, cysteine, glycine), acidic 

CP side chains (e.g., aspartate, glutamate), basic side chains (e.g., lysine, arginine, 

UJ 

s 15 histidine), aromatic side chains (e.g., phenylalanine, tryptophan, histidine, tyrosine) and 

r? nucleophilic side chains (e.g., cysteine, serine, threonine). 

fU In one embodiment, the receptor-binding variant of mammalian SExCkine 

q shares at least about 85% sequence similarity with a corresponding portion of a 

M naturally occurring mammalian SExCkine (e.g., SEQ ID NO:4, SEQ ID NO:6), 

20 preferably at least about 90% sequence similarity, and more preferably at least about 
95% sequence similarity with a corresponding portion of a naturally occurring 
mammalian SExCkine. Amino acid sequence similarity can be identified by aligning 
the amino acid sequence of the receptor binding variant with the amino acid sequence of 
mammalian SExCkine (e.g., SEQ ID NO:4, SEQ ID NO:6) using a suitable sequence 
25 alignment algorithm, such as the Lasergene system (DNASTAR, Inc., Madison, WI), as 
described herein. Variants can be prepared using any suitable methods, (e.g., solid 
phase peptide synthesis, by expression of nucleic acids encoding the variant), and tested 
for receptor binding. 
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The invention also relates to a method of identifying or isolating an agent (i.e., 
molecule or compound) which can be used in therapy, as described herein. In one 
embodiment, the agent is identified or isolated in a competitive binding assay as 
described above. In another embodiment, cells which express a mammalian Bonzo or a 
5 functional variant thereof are maintained under conditions appropriate for expression of 
receptor. The cells are contacted with an agent (e.g., ligand, antagonist, agonist) under 
conditions suitable for binding (e.g., in a suitable binding buffer), and the formation of a 
complex between the agent and said mammalian Bonzo or functional variant thereof is 
detected or measured using suitable techniques. For example, the agent can be labeled 
10 as described herein and the amount of label present in an agent-Bonzo complex can be 
determined. The extent of complex formation can be determined relative to a suitable 
control (e.g., compared with background determined in the absence of agent, compared 
with binding of a second agent (i.e., a standard, an isotype control), compared with 
binding of agent to cells that do not express Bonzo). 
15 Thus, the invention relates to a method of identifying or isolating an agent for 

use in treating.a subject having an inflammatory disease. In another embodiment, the 
method is a method of identifying or isolating an agent for use in inhibiting a cellular 
response to ligand binding to Bonzo + leukocytes. In another embodiment, the method is 
a method of identifying or isolating an agent for use in modulating a Bonzo-mediated 
20 function in a subject. 

A variety of agents, such as proteins (e.g., antibodies), peptides, 
peptidomimetics, small organic molecules, nucleic acids and the like, can be tested for 
Bonzo binding. According to the method of the present invention, agents can be 
individually screened or one or more agents can be tested simultaneously. Where a 
25 mixture of compounds is tested, the compounds selected by the processes described can 
be separated (as appropriate) and identified using suitable methods (e.g., sequencing, 
chromatography). The presence of one or more compounds (e.g., a ligand, inhibitor, 
promoter) in a test sample can also be determined according to these methods. 
Agents which bind to a mammalian Bonzo and which are useful in the 
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therapeutic methods described herein can be identified, for example, by screening 
libraries or collections of molecules, such as, the Chemical Repository of the National 
Cancer Institute, in assays described herein or using other suitable methods. Large 
combinatorial libraries of compounds (e.g., organic compounds, recombinant or 
synthetic peptides, "peptoids", nucleic acids) produced by combinatorial chemical 
synthesis or other methods can be tested (see e.g., Zuckerman, R.N. et al, J. Med. 
Chem., 37: 2678-2685 (1994) and references cited therein; see also, Ohlmeyer, M.HJ. 
et aU Proc. Natl Acad. Sci. USA 90:10922-10926 (1993) and DeWitt, S.H. et al, Proc, 
Natl. Acad. Set USA 90:6909-6913 (1993), relating to tagged compounds; Rutter, WJ. 
et al U.S. Patent No. 5,010,175; Huebner, V.D. et al, U.S. Patent No. 5,182,366; and 
Geysen, H.M., U.S. Patent No. 4,833,092). Where compounds selected from a 
combinatorial library by the present method carry unique tags, identification of 
individual compounds by chromatographic methods is possible. 

In another embodiment, the reference and test agents employed in the method 
are not viruses or viral proteins (e.g., viral envelope proteins). In another embodiment, 
the collection of agents tested according to the methods of the invention does not 
comprise chemokines or mutants or analogues thereof. 

Functional Assays 

Functional assays can be used to detect and identify agonists (promotors) and 
antagonists (inhibitors) of a mammalian Bonzo receptor. An agent can be studied in 
one or more suitable functional assays to determine if said agent can modulate (inhibit 
(reduce or prevent) or promote) one or more functions of Bonzo. For example, an agent 
can be tested in an extracellular acidification assay, calcium flux assay, ligand binding 
assay, chemotaxis assay or assay which monitors degranulation or inflammatory 
mediator release (see, for example, Hesselgesser et al, J. Biol Cliem. 273(25): 15687- 
15692 (1998) and WO 98/02151). 

For example, an agent which binds to a mammalian Bonzo or functional variant 
thereof can be tested in a leukocyte chemotaxis assay using suitable cells. Suitable 
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cells include, for example, cell lines, recombinant cells or isolated cells which express a 
mammalian Bonzo and undergo Bonzo ligand-induced (e.g., SExCkine-induced) 
chemotaxis. In one example, Bonzo-expressing recombinant LI. 2 cells (see Campbell, 
et al J Cell Biol 134:255-266 (1996) regarding LI. 2 cells), can be used in a 
5 modification of a transendothelial migration assay (Carr, M.W., et al. T.A., Proc. Natl 
Acad Sci, USA, (P/):3652 (1994)). The endothelial cells used in this assay are 
preferably the endothelial cell line, ECV 304, which can be obtained from the American 
Type Culture Collection (Manassas, VA). Endothelial cells can be cultured on 6.5 mm 
diameter Transwell culture inserts (Costar Corp., Cambridge, MA) with 3.0 fim pore 
10 size. Culture media for the ECV 304 cells can consist of M199-H 0% FCS, L-glutamine, 
and antibiotics. The assay media can consist of equal parts RPMI 1640 and Ml 99 with 
0.5% BSA. Two hours before the assay, 2xl0 5 ECV 304 cells can be plated onto each 
insert of the 24 well Transwell chemotaxis plate and incubated at 37°C. Chemotactic 
factor such as SExCkine can be added to the 24-well tissue culture plates in a final 
15 volume of 600 |lL. Endothelial-coated Transwells can be inserted into each well and 
^ 10 6 cells of the leukocyte type being studied can be added to the top chamber in a final 

TlJ volume of 100 [lL of assay medium. The plate can then be incubated at 37°C in 5% 

f«j C0 2 /95% air for 1-2 hours. The cells that migrate to the bottom chamber during 

fcssr 
i , 

^ incubation can be counted, for example using flow cytometry. To count cells by flow 

20 cytometry, 500 flL of the cell suspension from the lower chamber can be placed in a 
tube and relative counts can obtained for a set period of time, for example, 30 seconds. 
This counting method is highly reproducible and allows gating on the leukocytes and 
the exclusion of debris or other cell types from the analysis. Alternatively, cells can be 
counted with a microscope. Assays to evaluate agents that can inhibit or promote 
25 chemotaxis can be performed in the same way as control experiment described above, 
except that agent solutions, in assay media containing up to 1% of DMSO co-solvent, 
can be added to both the top and bottom chambers prior to addition of the cells. The 
capacity of an agent to inhibit or promote chemotaxis can be determined by comparing 
the number of cell that migrate to the bottom chamber in wells which contain the agent, 
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to the number of cells which migrate to the bottom chamber in control wells. Control 
wells can contain equivalent amounts of DMSO, but no agent. 

An agent can also be assessed by monitoring cellular responses induced by 
active receptor, using suitable cells which express a mammalian Bonzo or a functional 
5 variant thereof. For instance, exocytosis (e.g., degranulation of cells leading to release 
of one or more enzymes or other granule components, such as esterases (e.g., serine 
esterases), perforin, and/or granzymes), inflammatory mediator release (such as release 
of bioactive lipids such as leukotrienes (e.g., leukotriene C 4 )), and respiratory burst, can 
be monitored by methods known in the art or other suitable methods (see e.g., Taub, 

10 D.D. et al, J. Immunol, 155: 3877-3888 (1995), regarding assays for release of 

granule-derived serine esterases; Loetscher et al, J. Immunol, 156: 322-327 (1996), 
regarding assays for enzyme and granzyme release; Rot, A. et al, J. Exp. Med., 1 76: 
1489-1495 (1992) regarding respiratory burst; Bischoff, S.C. et al, Eur. J. Immunol, 
23: 761-767 (1993) and Baggliolini, M. and C.A. Dahinden, Immunology Today, 15: 

15 127-133 (1994)). A variety of functional assays which employ recombinant cells which 
express a mammalian Bonzo or functional variant thereof can be employed. For 
example, assays in which expression of an endogenous or exogenous reporter gene (e.g., 
P-galactosidase, green fluorescent protein) is induced upon ligand binding to a 
mammalian Bonzo or variant expressed by recombinant cells ( e.g., recombinant 

20 bacteria, recombinant yeast, recombinant mammalian cells) can be used. 

In one embodiment, an agent that can inhibit or promote a function of Bonzo is 
identified by monitoring the release of an enzyme upon degranulation or exocytosis by a 
cell capable of this function. Cells expressing a mammalian Bonzo or a functional 
variant thereof can be maintained in a suitable medium under suitable conditions, and 

25 degranulation can be induced. The cells are contacted with an agent to be tested, and 
enzyme release can be assessed. The release of an enzyme into the medium can be 
detected or measured using a suitable assay, such as an immunological assay, or 
biochemical assay for enzyme activity. 
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The medium can be assayed directly, by introducing components of the assay 
(e.g., substrate, co-factors, antibody) into the medium (e.g., before, simultaneous with or 
after the cells and agent are combined). The assay can also be performed on medium 
which has been separated from the cells or further processed (e.g., fractionated) prior to 
5 assay. For example, convenient assays are available for enzymes, such as serine 
esterases (see e.g., Taub, D.D. et al, J. Immunol, 155: 3877-3888 (1995) regarding 
release of granule-derived serine esterases). 

In another embodiment, cells expressing a mammalian Bonzo or a functional 
variant thereof are combined with a ligand of Bonzo (e.g., SExCkine), an agent to be 
10 tested is added before, after or simultaneous therewith, and Ca 2+ flux is assessed. 
Inhibition of ligand-induced Ca 2+ flux is indicative that the agent is an inhibitor or 
antagonist of mammalian Bonzo function. 

Engagement of the chemokine receptors of a lymphocyte can cause integrin 
activation, and induction of adherence to adhesion molecules expressed in vasculature 
1 5 or the perivascular space. Cellular adherence can be monitored by methods known in 
the art or other suitable methods. In one embodiment, a ligand, inhibitor and/or 
promoter of Bonzo function is identified by monitoring cellular adherence by a cell 
capable of adhesion. For example, an agent to be tested can be combined with (a) cells 
expressing a mammalian Bonzo or a functional variant thereof (preferably non-adherent 
20 cells which when transfected with receptor and stimulated with agonists (e.g., ligand) 
acquire adhesive ability), (b) a composition comprising a suitable adhesion molecule 
(e.g., a substrate such as a culture well coated with an adhesion molecule, such as 
fibronectin), and (c) a ligand or promoter (e.g., SExCkine), and maintained under 
conditions suitable for ligand- or promoter-induced adhesion. Labeling of cells with a 
25 fluorescent dye provides a convenient means of detecting adherent cells. Nonadherent 
cells can be removed (e.g., by washing) and the number of adherent cells determined. 
The effect of the agent in inhibiting or enhancing ligand- or promoter- induced adhesion 
can be indicative of inhibitor or promoter activity, respectively. Agents active in the 
assay include inhibitors and promoters of binding, signaling, and/or cellular responses. 
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In another embodiment, an agent to be tested can be combined with cells expressing a 
mammalian Bonzo or a functional variant thereof and a composition comprising a 
suitable adhesion molecule under conditions suitable for ligand- or promoter-induced 
adhesion, and adhesion is monitored. Increased adhesion relative to a suitable control 
5 is indicative of the presence of a ligand and/or promoter. 

The binding assays and functional assays described above can be used, alone or 
in combination with each other or other suitable methods, to detect or identify agents 
which bind a mammalian Bonzo protein and/or modulators (antagonists, agonists) of a 
Bonzo protein function. The in vitro methods of the present invention can be adapted 

10 for high-throughput screening in which large numbers of samples are processed (e.g., a 
96-well format). Cells expressing a mammalian Bonzo (e.g., human Bonzo) or a 
functional variant thereof at levels suitable for high-throughput screening can be used, 
and thus, are particularly valuable in the identification and/or isolation of agents which 
bind Bonzo, and modulators of Bonzo function. Expression of Bonzo or a variant 

1 5 thereof can be monitored in a variety of ways. For instance, expression can be 

monitored using antibodies of the present invention which bind receptor or a portion 
thereof or using a Bonzo ligand (e.g., SExCkine, platelet factor 4). Also, commercially 
available antibodies can be used to detect expression of an antigen- or epitope-tagged 
fusion protein comprising a receptor protein or polypeptide (e.g., FLAG tagged 

20 receptors), and cells expressing the Bonzo or functional variant at the desired level can 
be selected (e.g., by flow cytometry). 

Antibodies and Antibody Producing Cells 

The invention relates to antibodies which bind to mammalian Bonzo and to 
antibodies which bind to mammalian SExCkine. Preferred antibodies of the invention 
25 can bind to Bonzo or SExCkine and thereby inhibit the binding of ligand to receptor. 
The antibody of the invention can be polyclonal or monoclonal, and the term "antibody" 
is intended to encompass both polyclonal and monoclonal antibodies. The terms 
polyclonal and monoclonal refer to the degree of homogeneity of an antibody 
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preparation, and are not intended to be limited to particular methods of production. The 
term "antibody" as used herein also encompasses functional fragments of antibodies, 
including fragments of chimeric, humanized, primatized, veneered or single chain 
antibodies. Functional fragments include antigen-binding fragments of antibodies 
which bind to a mammalian Bonzo, and antigen-binding fragments of antibodies which 
bind to a mammalian SExCkine. For example, antibody fragments capable of binding to 
a mammalian Bonzo or SExCkine or portions thereof, including, but not limited to Fv, 
Fab, Fab' and F(ab') 2 fragments are encompassed by the invention. Such fragments can 
be produced by enzymatic cleavage or by recombinant techniques. For example, papain 
or pepsin cleavage can generate Fab or F(ab') 2 fragments, respectively. Other proteases 
with the requisite substrate specificity can also be used to generate Fab or F(ab') 2 
fragments. Antibodies can also be produced in a variety of truncated forms using 
antibody genes in which one or more stop codons has been introduced upstream of the 
natural stop site. For example, a chimeric gene encoding a F(ab') 2 heavy chain portion 
can be designed to include DNA sequences encoding the CH, domain and hinge region 
of the heavy chain. 

Single chain antibodies, and chimeric, humanized or primatized (CDR-grafted), 
or veneered antibodies, as well as chimeric, CDR-grafted or veneered single chain 
antibodies, comprising portions derived from different species, and the like are also 
encompassed by the present invention and the term "antibody". The various portions of 
these antibodies can be joined together chemically by conventional techniques, or can 
be prepared as a contiguous protein using genetic engineering techniques. For example, 
nucleic acids encoding a chimeric or humanized chain can be expressed to produce a 
contiguous protein. See, e.g., Cabilly et al, U.S. Patent No. 4,816,567; Cabilly et al, 
European Patent No. 0,125,023 Bl; Boss et al, U.S. Patent No. 4,816,397; Boss et al, 
European Patent No. 0,120,694 Bl; Neuberger, M.S. et al, WO 86/01533; Neuberger, 
M.S. et al, European Patent No. 0,194,276 Bl; Winter, U.S. Patent No. 5,225,539; 
Winter, European Patent No. 0,239,400 Bl; Queen et al, European Patent No. 0 451 
216 Bl; and Padlan, E.A. et al, EP 0 519 596 Al. See also, Newman, R. et al, 
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BioTechnology, 10: 1455-1460 (1992), regarding primatized antibody, and Ladner et 
al, U.S. Patent No. 4,946,778 and Bird, R.E. et al, Science, 242: 423-426 (1988)) 
regarding single chain antibodies. 

Humanized antibodies can be produced using synthetic or recombinant DNA 
technology using standard methods or other suitable techniques. Nucleic acid (e.g., 
cDNA) sequences coding for humanized variable regions can also be constructed using 
PCR mutagenesis methods to alter DNA sequences encoding a human or humanized 
chain, such as a DNA template from a previously humanized variable region (see e.g., 
Kamman, M. r et al., Nucl Acids Res., 17: 5404 (1989)); Sato, K., et al, Cancer 
Research, 53: 851-856 (1993); Daugherty, B.L. et al, Nucleic Acids Res., 19(9): 2471- 
2476 (1991); and Lewis, A.P. and J.S. Crowe, Gene, 101: 297-302 (1991)). Using these 
or other suitable methods, variants can also be readily produced. In one embodiment, 
cloned variable regions can be mutated, and sequences encoding variants with the 
desired specificity can be selected (e.g., from a phage library; see e.g., Krebber et al, 
U.S. 5,514,548; Hoogenboom et al, WO 93/06213, published April 1, 1993). 

Antibodies which are specific for mammalian (e.g., human) Bonzo or 
mammalian (e.g., human) SExCkine can be raised against an appropriate immunogen, 
such as isolated and/or recombinant human Bonzo or portions thereof (including 
synthetic molecules, such as synthetic peptides) or isolated and/or recombinant human 
SExCkine or portions thereof (including synthetic molecules, such as synthetic - 
peptides). Antibodies can also be raised by immunizing a suitable host (e.g., mouse) 
with cells that express Bonzo, such as activated T cells. In addition, cells expressing a 
recombinant mammalian Bonzo or SExCkine, such as transfected cells, can be used as 
immunogens or in a screen for antibody which binds thereto (See e.g., Chuntharapai et 
al, J. Immunol, 152: 1783-1789 (1994); Chuntharapai etal, U.S. Patent No. 
5,440,021). 

Preparation of immunizing antigen, and polyclonal and monoclonal antibody 
production can be performed using any suitable technique. A variety of methods have 
been described (see e.g., Kohler et al, Nature, 256: 495-497 (1975) and Eur. J. 
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Immunol. 6: 511-519 (1976); Milstein et al, Nature 266: 550-552 (1977); Koprowski et 
al, U.S. Patent No. 4,172,124; Harlow, E. and D. Lane, 1988, Antibodies: A 
Laboratory Manual, (Cold Spring Harbor Laboratory: Cold Spring Harbor, NY); 
Current Protocols In Molecular Biology, Vol. 2 (Supplement 27, Summer '94), 
Ausubel, F.M. et al, Eds., (John Wiley & Sons: New York, NY), Chapter 1 1, (1991)). 
Generally, a hybridoma is produced by fusing a suitable immortal cell line (e.g., a 
myeloma cell line such as SP2/0, P3X63Ag8.653 or a heteromyloma) with antibody 
producing cells. Antibody producing cells can be obtained from the peripheral blood or, 
preferably the spleen or lymph nodes, of humans or other suitable animals immunized 
with the antigen of interest. The fused cells (hybridomas) can be isolated using 
selective culture conditions, and cloned by limiting dilution. Cells which produce 
antibodies with the desired specificity can be selected by a suitable assay (e.g., ELISA). 

Other suitable methods of producing or isolating antibodies of the requisite 
specificity (e.g., human antibodies or antigen-binding fragments) can be used, 
including, for example, methods which select recombinant antibody from a library (e.g., 
a phage display library), or which rely upon immunization of transgenic animals (e.g., 
mice) capable of producing a repertoire of human antibodies (see e.g., Jakobovits et al, 
Proc. Natl. Acad. Sci. USA, 90: 2551-2555 (1993); Jakobovits et al., Nature, 362: 255- 
258 (1993); Lonberg et al, U.S. Patent No. 5,545,806; Surani et al, U.S. Patent No. 
5,545,807; Lonberg etal, W097/13852). 

In one embodiment, the antibody or antigen-binding fragment thereof has 
specificity for a mammalian Bonzo, preferably a naturally occurring or endogenous 
human Bonzo. In another embodiment, the antibody is an IgG or antigen-binding 
fragment of an IgG. In another embodiment, the antibody or antigen-binding fragment 
can bind to a mammalian Bonzo and inhibit (reduce or prevent) one or more functions 
of the receptor. In another embodiment, the antibody is a human antibody or an 
antigen-binding fragment thereof. In another embodiment, the antibody is a humanized 
antibody or an antigen-binding fragment thereof. In a preferred embodiment, the 
antibody or antigen-binding fragment can inhibit binding of a ligand (i.e., one or more 
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ligands) to the receptor, and/or one or more functions mediated by Bonzo in response to 
ligand binding. 

In a particular embodiment, an antibody or antigen-binding fragment of the 
invention can inhibit the binding of a mammalian ligand (e.g., human SExCkine) to 
mammalian (e.g., human) Bonzo and/or one or more functions (e.g., cellular response) 
mediated by Bonzo in response to ligand binding. Inhibition of a cellular response to 
binding of ligand to Bonzo can be assessed in a suitable in vitro assay. Preferably, the 
antibody or antigen-binding fragment of the invention can inhibit a cellular response to 
binding of ligand to Bonzo in an in vitro assay with an IC 50 of less than about 10 
fag/mL. Also preferred are antibodies and antigen-binding fragments which inhibit a 
ligand-induced (e.g., SExCkine-induced) cellular response in an in vitro chemotaxis 
assay with an IC 50 of less than about 8 p.g/mL, or less than about 7 (ig/mL, or less than 
about 5 ug/mL, or less than about 1 jag/mL. Particularly preferred antibodies and 
antigen-binding fragments which inhibit a ligand-induced (e.g., SExCkine-induced) 
cellular response in an in vitro assay with an IC 50 of less than about 0.5 jag/mL or less 
than about 0.1 ug/mL. In one embodiment, the antibody or antigen-binding fragment 
can inhibit ligand-induced (e.g., SExCkine-induced) chemotaxis of Bonzo + cells (e.g., 
Bonzo/L1.2 cells) in an in vitro chemotaxis assay, such as the assay described herein. 
In another embodiment, the antibody or antigen-binding fragment can inhibit a ligand- 
induced (e.g., SExCkine-induced) cellular response in an in vitro assay (e.g., 
chemotaxis assay) with an IC 50 that is lower than the IC 50 of the anti-human 
STRL33/Bonzo monoclonal antibody available from R&D Systems, Minneapolis, MN 
(catalogue number MAB699). In one embodiment, the IC 50 of the antibody or antigen- 
binding fragment of the invention is lower than the IC 50 of the anti-human 
STRL33/Bonzo monoclonal antibody available from R&D Systems (catalogue number 
MAB699) by a factor of about 2 or more. For example, the IC 50 of the antibody or 
antigen-binding fragment of the invention can be lower than the IC 50 of the anti-human 
STRL33/Bonzo monoclonal antibody available from R&D Systems (catalogue number 
MAB699) by a factor of about 2, 3, 4, 5, 8,10, 50, 100, 500, or 1000. 
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Other functions which can be mediated by Bonzo in response to ligand binding 
(e.g., SExCkine) include, for example, signal transduction (e.g., GDP/GTP exchange by 
Bonzo associated G proteins, transient increase in the concentration of cytosolic free 
calcium [Ca 2 ^) and Bonzo-mediated processes and cellular responses (e.g., 
5 proliferation, migration, chemotaxis, secretion, degranulation, inflammatory mediator 
release (such as release of bioactive lipids such as leukotrienes (e.g., leukotriene C 4 )), 
respiratory burst). 

As described herein, antibodies designated "mAb 4A1 1 "mAb 7A2", "mAb 
7F3" and "mAb 9G2" which bind human Bonzo have been produced. 

10 mAb 4A1 1 can be produced by murine hybridoma 4A1 1 , also referred to as 
murine hybridoma LS212-4A1 1-30-8, whichX deposited on November 24, 1999, on 
behalf of LeukoSite, Inc., 215 First Street, Cambridge, MA 02142, U.S.A., at the 
American Type Culture Collection, 10801/University Boulevard, Manassas, Virginia 
201 10, U.S.A., under Accession No._/ . The invention relates to murine 

1 5 hybridoma 4A1 1 , to the antibody it produces and to nucleic acids encoding the 
antibody. 

mAb 7A2 can be produced by murine/hybridoma 7A2, also referred to as murine 
hybridoma LS212-7A2-32-1, which was deposited on November 24, 1999, on behalf of 
LeukoSite, Inc., 215 First Street, Cambridge, MA 02142, U.S.A., at the American Type 

20 Culture Collection, 10801 University Boulevard, Manassas, Virginia 201 10, U.S.A., 

under Accession No. Ahe invention relates to murine hybridoma 7A2, 

to the antibody it produces, and to riucleic acids encoding the antibody. 

mAb 7F3 can be produced by murine hybridoma 7F3, also referred to as murine 
hybridoma LS212-7F3-8-7, which was deposited on November 24, 1999, on behalf of 

25 LeukoSite, Inc., 215 First Street, CambridgeJvIA 02142, U.S.A., at the American Type 
Culture Collection, 10801 University BouleVard, Manassas, Virginia 201 10, U.S.A., 

under Accession No. . Thfe invention relates to murine hybridoma 7F3, 

to the antibody it produces, and to nucleic acids encoding the antibody. 
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mAb 9G2 can be produced by murine hybridoma 9G2, also referred to as murine 
hybridoma LS212-9G2-7-2. The invention relates to murine hybridoma 9G2, to the 
antibody it produces, and to nucleic acids encoding the antibody. 

In another embodiment, the anti-Bonzo antibody of the invention is mAb 4A1 1, 
mAb 7A2, mAb 7F3, mAb 9G2 or an antigen-binding fragment of any of the forgoing. 
Preferred among these are mAb 4A1 1, mAb 7A2, mAb 7F3 or antigen-binding 
fragments thereof. In another embodiment, the binding of the antibody or antigen- 
binding fragment to mammalian (e.g., human) Bonzo can be inhibited by mAb 4A1 1, 
mAb 7A2 or mAb 7F3. Such inhibition can be the result of competition for the same or 
similar epitope or steric interference (e.g., where antibodies bind overlapping epitopes 
or adjacent epitopes). Inhibition by mAb 4A1 1, mAb 7A2 or mAb 7F3 can also be due 
to a change in the conformation of Bonzo that is induced upon antibody binding to the 
receptor. 

In still another embodiment, the antibody or antigen-binding fragment of the 
invention has the same or similar epitopic specificity as mAb 4A1 1, mAb 7A2, mAb 
7F3 or mAb 9G2. Antibodies with an epitopic specificity which is the same as or 
similar to that of mAb 4A1 1, mAb 7A2, mAb 7F3 or mAb 9G2 can be identified by a 
variety of suitable methods. For example, an antibody with the same or similar epitopic 
specificity as e.g., mAb 4A1 1 can be identified based upon the ability to compete with 
mAb 4A1 1 for binding to human Bonzo. In another example, the binding of e.g., 4A1 1 
and the binding of an antibody with the same or similar epitopic specificity for human 
Bonzo can be inhibited by a single peptide (e.g., natural peptide, synthetic peptide). 
The peptide can comprise about nine to about fifty amino acids. Preferably, the peptide 
comprises about nine to about twenty-six amino acids. In still another example, an 
antibody with the same or similar epitopic specificity as mAb 4A1 1, mAb 7A2, mAb 
7F3 or mAb 9G2 can be identified using chimeric receptors (see e.g., Rucker et al> Cell 
•57:437-446 (1996)). 

The invention also relates to a bispecific antibody, or functional fragment 
thereof (e.g., F(ab') 2 ), which binds to a maiinmalian Bonzo and at least one other antigen 
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(e.g., tumor antigen, viral antigen). In a particular ^mbodiment, the bispecific antibody, 
or functional fragment thereof has the same or similar epitopic specificity as mAb 
4A1 1 , mAb 7A2, mAb 7F3 or mAb 9G2 and at feast one other antibody. Bispecific 
antibodies can be secreted by triomas and hybpd hybridomsa. Generally, triomas are 
formed by fusion of a hybridoma and a lymphocyte (e.g., antibody secreting B cell) and 
hybrid hybridomas are formed by fusion oytwo hybridomas. Each of the fused cells 
(i.e., hybridomas, lymphocytes) producesA monospecific antibody. However, triomas 
and hybrid hybridomas can produce an sfcitibody containing antigen binding sites which 
recognize different antigens. The supdrnatants of triomas and hybrid hybridomas can be 
assayed for bispecific antibody usin/ a suitable assay (e.g., ELISA), and bispecific 
antibodies can be purified using conventional methods, (see, e.g., U.S. Patent No. 
5,959,084 (Ring et al) U.S. Pate/t No. 5,141,736 (Iwasa et al\ U.S. Patent Nos. 
4,444,878, 5,292,668, 5,523,210) (all to Paulus et al.) and U.S. Patent No. 5,496,549 

In another embodiment, the antibody or antigen-binding fragment thereof has 
specificity for a mammalian SExCkine, preferably a naturally occurring or endogenous 
human SExCkine. Such antibodies and antigen-binding fragments can be produced by a 
variety of suitable methods, such as those described herein. In one embodiment, the 
anti-SExCkine antibody can be raised againsyan appropriate immunogen, such as an 
isolated soluble and/or recombinant SExCkiAe or portions thereof (including synthetic 
molecules, such as synthetic peptides). Aiftibodies can also be raised by immunizing a 
suitable animal (e.g., mouse) with cells which express the transmembrane form of 
SExCkine. In another embodiment, ther antibody is an IgG or antigen-binding fragment 
of an IgG. In another embodiment, thfe antibody is a human antibody or an antigen- 
binding fragment thereof. In another embodiment, the antibody is a humanized 
antibody or an antigen-binding fragment thereof. In a preferred embodiment, the 
antibody or antigen-binding fragment can bind to a mammalian sexcikine and inhibit 
(reduce or prevent) the bindingM the chemokine to receptor (e.g., Bonzo), and thereby 
inhibit one or more functions ^mediated by receptor in response to SExCkine binding. 
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For example, the anti-SExCkine antibody cvd inhibit SExCkine-induced chemotaxis of 
Bonzo + cells. Other functions which can he mediated by SExCkine binding to receptor 
(e.g., Bonzo) include, for example, signaT transduction (e.g., GDP/GTP exchange by 
receptor associated G proteins, transient increase in the concentration of cytosolic free 
calcium [Ca 2+ ] { ) and receptor-mediated processes and cellular responses (e.g., 
proliferation, migration, chemotaxfe, secretion, degranulation, inflammatory mediator 
release (such as release of bioactfve lipids such as leukotrienes (e.g., leukotriene C 4 )), 
respiratory burot )r 

The invention also relates to a bispecific antibody, or functional fragment 
thereof (e.g., F(ab') 2 ), which binds to a mammalian SExCkine and at least one other 
antigen (see, e.g., U.S. Patent No. 5,959,084 (Ring et al) U.S. Patent No. 5,141,736 
(Iwasa et al), U.S. Patent Nos. 4,444,878, 5,292,668, 5,523,210 (all to Paulus et al) 
and U.S. Patent No. 5,496,549 (Yamazaki et al.)). 

As used herein the term "specific antibody" or "specific" when referring to an 
antibody-antigen interaction is used to indicate that the antibody can selectively bind to 
a mammalian Bonzo or a mammalian SExCkine, rather than to indicate that the 
antibody can bind to only one antigen. For example, an antibody may bind to one or 
several antigens with low affinity and bind to human Bonzo with a higher affinity. 
Such an antibody is considered to be specific for human Bonzo because when used (e.g., 
in therapeutic or diagnostic application) at a suitable concentration, the antibody can 
selectively bind to human Bonzo. The concentration of antibody required to provide 
selectivity for mammalian Bonzo or mammalian SExCkine (e.g., a concentration which 
reduces or eliminates low affinity binding) can be readily determined by suitable 
methods, such as titration. 

In another aspect, the invention relates to an isolated cell which produces an 
antibody or an antigen-binding fragment of the invention. In a preferred embodiment, 
the isolated antibody-producing cell of the invention is an immortalized cell, such as a 
hybridoma, heterohybridoma, lymphoblastoid cell or a recombinant cell. The antibody- 
producing cells of the present invention have uses other than for the production of 
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antibodies. For example, the cell of the present invention can be fused with other cells 
(such as suitably drug-marked human myeloma, mouse myeloma, human-mouse 
heteromyeloma or human lymphoblastoid cells) to produce, for example, additional 
hybridomas, and thus provide for the transfer of the genes encoding the antibody. In 
addition, the cell can be used as a source of nucleic acids encoding the anti-Bonzo or 
anti-SExCkine immunoglobulin chains, which can be isolated and expressed (e.g., upon 
transfer to other cells using any suitable technique (see e.g., Cabilly et aL, U.S. Patent 
No. 4,816,567; Winter, U.S. Patent No. 5,225,539)). For instance, clones comprising a 
sequence encoding a rearranged anti-Bonzo light and/or heavy chain can be isolated 
(e.g., by PCR) or cDNA libraries can be prepared from mRNA isolated from the cell 
lines, and cDNA clones encoding an anti-Bonzo immunoglobulin chain(s) can be 
isolated. Thus, nucleic acids encoding the heavy and/or light chains of the antibodies or 
portions thereof can be obtained and used for the production of the specific 
immunoglobulin, immunoglobulin chain, or variants thereof (e.g., humanized 
immunoglobulins) in a variety of host cells or in an in vitro translation system. For 
example, the nucleic acids, including cDNAs, or derivatives thereof encoding variants 
such as a humanized immunoglobulin or immunoglobulin chain, can be placed into 
suitable prokaryotic or eukaryotic vectors (e.g., expression vectors) and introduced into 
a suitable host cell by an appropriate method (e.g., transformation, transfection, 
electroporation, infection), such that the nucleic acid is operably linked to one or more 
expression control elements (e.g., in the vector or integrated into the host cell genome), 
to produce a recombinant antibody-producing cell. 

The antibody of the invention can be produced by any suitable method, for 
example, by collecting serum from an animal (e.g., mouse, human, transgenic mouse) 
which has been immunized with a mammalian Bonzo or a mammalian SExCkine. In 
another example, a suitable antibody producing cell (e.g., hybridoma, heterohybridoma, 
lymphoblastoid cell, recombinant cell) can be maintained, either in vitro or in vivo, 
under conditions suitable for expression (e.g., in the presence of inducer, suitable media 
supplemented with appropriate salts, growth factors, antibiotic, nutritional 
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supplements), whereby the antibody or antigen-binding fragment is produced. If 
desired, the antibody or antigen-binding fragment can be recovered and/or isolated (e.g., 
from the host cells, culture medium) and purified to the desired degree. Recovery and 
purification of the antibody can be achieved using suitable methods, such as, 
centrifugation, filtration, column chromatography (e.g., ion-exchange, gel filtration, 
hydrophobic-interaction, affinity), preparative native electrophoresis, precipitation and 
ultrafiltration. It will be appreciated that the method of production encompasses 
expression in a host cell of a transgenic animal (see e.g., WO 92/03918, GenPharm 
International, published March 19, 1992). 

As described herein, preferred antibodies of the invention can bind to 
mammalian Bonzo or mammalian SExCkine and thereby inhibit the binding of ligand to 
receptor. A variety of suitable methods, such as the assays described herein, can be 
used to assess inhibition of binding of a ligand (e.g., SExCkine) to a receptor (e.g., 
Bonzo) and/or function associated with binding of ligand to receptor. 

The invention also includes antibodies and antigen-binding fragments thereof 
which can bind to mammalian Bonzo but which do not inhibit the binding of ligand to 
receptor. 

Targeting Molecules 

The invention also relates to targeting molecules which can effectuate the 
interaction of a Bonzo + cell with a target cell. The targeting molecule includes a first 
binding moiety which can bind mammalian Bonzo, and a second binding moiety which 
can bind a molecule expressed on the surface of a target cell. Preferred target cells 
include tumor cells and virus infected cells. A variety of molecules which are expressed 
at higher levels or uniquely on tumor cells (e.g., tumor antigens, such as Lewis Y, HER- 
2/neu, disialoganglioside G3, carcinoembrionic antigen, CD30) and/or virus infected 
cells (e.g., viral antigens, such as influenza virus hemagglutinin, Epstein-Barr virus 
LMP-1, hepatitis C virus E2 glycoprotein, HIV gpl60, HIV gp 120) are known in the 
art. The targeting molecule can contain any suitable binding second moiety which binds 
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to a molecule expressed on a desired target cell (see, for example Ring, U.S. Patent No. 
5,948,647, the entire teachings of which are incorporated herein by reference). Suitable 
binding moieties include, for example, proteins and peptides (including post- 
translationally modified forms e.g., glycosylated, phosphorylated, lipidated), sugars, 
lipids, peptidomimetics, small organic molecules, nucleic acids and other agents which 
bind mammalian Bonzo or a molecule expressed on the surface of a target cell. Suitable 
binding moieties can be identified using any suitable method, such as the binding assays 
described herein. 

The first binding moiety can be, for example, and antibody which binds 
mammalian Bonzo or antigen-binding fragment mereof (e.g., Fab, Fv, Fab', F(ab)' 2 ), a 
Bonzo ligand (e.g., mammalian SExCkine, mammalian platelet factor 4) or Bonzo- 
binding variant of a ligand. The second binding moiety can be, for example, an 
antibody or antigen-binding fragment thereof which binds to a molecule expressed on 
the target cell or antigen binding fragment /thereof. Where the targeting molecule 
comprises a first binding moiety which is an anti-Bonzo antibody or antigen-binding 
fragment thereof, it is preferred that said anti-Bonzo antibody does not inhibit binding 
trfirgaria iu Bemzo. / 

The first binding moiety can be directly or indirectly bonded to the second 
binding moiety through a variety of suitable linkages. For example, when the first 
binding moiety and the second binding moiety are both proteins or peptides, the 
moieties can be part of a contiguous polypeptide (i.e., a fusion protein). Where the 
targeting molecule is a fusion protein, the first and second binding moieties can be 
arranged on the polypeptide in any suitable configuration. The first and second binding 
moieties can be indirectly bonded through a (i.e., one or more) peptide linker, or bonded 
directly to each other through a peptide bond. For example, when the targeting 
molecule comprises an Fv and a Bonzo ligand, the amino acid sequence of the ligand 
can be fused to the amino-terminus or the carboxyl terminus of the Fv. The sequence 
encoding the ligand can also serve as a spacer or be inserted into a spacer which 
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connects the variable regions (heavy chain variable region, light chain variable region) 
of the Fv. 

Where the binding moieties are not part of a contiguous polypeptide they can be 
directly bonded by a chemical bond formed by reaction of a functional group (or 
activated derivative thereof) on the first moiety with a second functional group (or 
activated derivative thereof) on the second moiety. For example, two thiols can react to 
form a disulfide bond and an amine can react with a carboxylic acid or acyl halide to 
form an amide. A variety of other suitable reactions which can be used are known in 
the art (see, for example, Hermanson, G. T., Bioconjugate Techniques, Academic Press: 
San Diego, CA (1996)). The binding moieties can be indirectly bonded through a 
suitable linker (e.g., a peptide linker). Generally, a linker contains two reactive groups 
which can react to form bonds with the first binding moiety and/or the second binding 
moiety. Linkers which contain two different reactive groups (e.g., a heterobifunctional 
linker) can be used to selectively conjugate the first binding moiety to the second 
binding moiety. Many linkers which are suitable for forming conjugates between 
proteins, nucleic acids, peptides, vitamins, sugars, lipids, small organic molecules and 
other suitable agents are known (see, for example, U.S. Patent Nos. 5,856,571, 
5,880,270; Hermanson, G. T., Bioconjugate Techniques, Academic Press: San Diego, 
C A (1996)). 

Preferably, the independent activities of the binding moieties (e.g., binding 
activities, chemoattractant activity) of the targeting molecule are not significantly 
different from the activities of the binding moieties as separate molecular entities. For 
example, where the first binding moiety is an antibody or antigen-binding fragment that 
binds Bonzo, the targeting molecule can bind to Bonzo with an affinity which is within 
a factor of about 1000, preferably within a factor of 100, more preferably within a factor 
of 10 or substantially the same as the affinity of the free antibody or antigen-binding 
fragment. Similarly, where the first binding moiety is a Bonzo ligand (e.g., human 
SExCkine, human platelet factor 4), the targeting molecule can induce chemotaxis of 
Bonzo+ cells (e.g., Bonzo/L1.2 cells) with an effective dose 50 (EC 50 ) that is within a 
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factor of about 1000, preferably within a factor of 100, more preferably within a factor 
of 10 or substantially the same as the EC 50 of the free ligand (e.g. human SExCkine, 
human platelet factor 4). Target molecules with these preferred characteristics can be 
prepared using any suitable method. For example, a variety of linkers of differing 
length and with different reactive groups can be bonded to mammalian SExCkine and 
the resulting products can be assayed in a chemotaxis assay as described herein. 
Compounds which display a suitable amount of chemoattractant activity can then be 
reacted with, for example, an antibody or antigen-binding fragment thereof which binds 
a tumor antigen (e.g., HER-2/neu). The resulting targeting molecule can then be 
assayed for binding to tumor antigen (e.g., by ELISA) and for chemoattractant activity. 
In one embodiment, the targeting molecule is a bispecific antibody or bispecific 
antigen-binding fragment thereof (e.g., F(ab') 2 ) which has specificity for mammalian 
Bonzo and a molecule expressed on a target cell (e.g., tumor antigen, viral antigen). 

In another embodiment, the targeting molecule is an immunoconjugate wherein 
a Bonzo ligand (e.g., mammalian SExCkine, mammalian platelet factor 4) or receptor- 
binding variant thereof is bonded to an antibody or antigen-binding fragment thereof 
which binds to a target cell (e.g., a tumor antigen expressed on target cell, a viral 
antigen expressed on target cell) through a linker. The linker can form a bond with 
specific sites on the antibody and/or ligand, for example, the linker can be bonded to the 
side chain of cysteinyl residues, the side chain of lysine residues, the side chains of 
aspartyl or glutamyl residues. 

In another embodiment, the targeting molecule is a fusion protein comprising a 
Bonzo ligand (e.g., mammalian SExCkine, mammalian platelet factor 4) or receptor- 
binding variant thereof and an antibody or antigen-binding fragment thereof (e.g., Fab, 
Fab', F(ab)' 2 , Fv) which binds to a target cell (e.g., a tumor antigen expressed on target 
cell, a viral antigen expressed on target cell). Preferably, the Bonzo ligand is the 
extracellular region of mammalian SExCkine (e.g., human SExCkine) or a receptor- 
binding variant thereof. Several suitable methods for preparing fusion proteins are 
known in the art, for example, the fusion protein can be prepared using the methods 
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described in U.S. Patent Nos. 5,767,260, 5,824,782 and 5,889,157, or other suitable 
methods. The entire teachings of U.S. Patent Nos. 5,767,260, 5,824,782 and 5,889,157 
are incorporated herein by reference. 

In one embodiment, the targeting molecule is a fusion protein comprising a 
first moiety which shares at least about 85% sequence similarity with a corresponding 
portion of a naturally occurring mammalian Bonzo ligand (e.g., human SExCkine (e.g., 
SEQ ID NO:4, SEQ ID NO:6), human platelet factor four (e.g., amino acid residues 32- 
100 of SEQ ID NO: 8)), preferably at least about 90% sequence similarity, and more 
preferably at least about 95% sequence similarity with a corresponding portion of a 
naturally occurring mammalian Bonzo ligand. Amino acid sequence similarity can be 
identified using a suitable sequence alignment algorithm, such as the Lasergene system 
(DNASTAR, Inc., Madison, WI), as described herein. Variants can be prepared using 
any suitable methods, (e.g., solid phase peptide synthesis, by expression of nucleic acids 
encoding the variant), and tested for receptor binding. 

Nucleic Acids, Constructs and Vectors 

The invention also relates to isolated and/or recombinant nucleic acids which 
encode a targeting molecule of the invention. Nucleic acids referred to herein as 
"isolated" are nucleic acids separated away from the nucleic acids of the genomic DNA 
or cellular RNA of their source of origin (e.g., as it exists in cells or in a mixture of 
nucleic acids such as a library), and may have undergone further processing. "Isolated' 1 
nucleic acids include nucleic acids obtained by methods described herein, similar 
methods or other suitable methods, including essentially pure nucleic acids, nucleic 
acids produced by chemical synthesis, by combinations of biological and chemical 
methods, and recombinant nucleic acids which are isolated. Nucleic acids referred to 
herein as "recombinant" are nucleic acids which have been produced by recombinant 
DNA methodology, including those nucleic acids that are generated by procedures 
which rely upon a method of artificial recombination, such as the polymerase chain 
reaction (PCR) and/or cloning into a vector using restriction enzymes. "Recombinant" 
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nucleic acids are also those that result from recombination events that occur through the 
natural mechanisms of cells, but are selected for after the introduction to the cells of 
nucleic acids designed to allow and make probable a desired recombination event. 

In one embodiment, the nucleic acid encodes a fusion protein wherein a Bonzo 
ligand (e.g., mammalian SExCkine, mammalian platelet factor 4) or a receptor-binding 
variant thereof is bonded (directly or through a peptide linker) to an antibody or antigen- 
binding fragment thereof which binds target cell. Preferably, the nucleic acid encodes a 
fusion protein wherein the extracellular domain of human SExCkine or a receptor- 
binding variant thereof is bonded (directly or through a peptide linker) to an antibody or 
antigen-binding fragment thereof which binds a tumor antigen expressed on the surface 
of a human cell or a viral antigen expressed on the surface of a human cell. 

The invention also relates to recombinant cells which can produce a targeting 
molecule (e.g., fusion protein). Recombinant cells can be produced using a variety of 
suitable methods. For example, a nucleic acid encoding all or part of the coding 
sequence for the desired fusion protein can be inserted into a nucleic acid vector, e.g., a 
DNA vector, such as a plasmid, virus or other suitable replicon for expression. A 
variety of vectors are available, including vectors which are maintained in single copy 
or multiple copy, or which become integrated into the host cell chromosome. Suitable 
expression vectors for the expression of a nucleic acid encoding all or part of the coding 
sequence of the desired fusion protein are also available. Suitable expression vectors 
can contain a number of components, including, but not limited to one or more of the 
following: an origin of replication; a selectable marker gene; one or more expression 
control elements, such as a transcriptional control element (e.g., a promoter, an 
enhancer, terminator), and/or one or more translation signals; a signal sequence or 
leader sequence for targeting to the secretory pathway in a selected host cell (e.g., of 
mammalian origin or from a heterologous mammalian or non-mammalian species). In a 
construct, a signal sequence can be provided by the vector, the insert nucleic acid, or 
other source. Sequences present at a site of integration can also provide these elements. 
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A promoter can be provided for expression in a suitable host cell. Promoters can 
be constitutive or inducible. For example, a promoter can be operably linked to a 
nucleic acid encoding the fusion protein, such that it directs expression of the encoded 
polypeptide. A variety of suitable promoters for procaryotic (e.g., lac, tac, T3, T7 
promoters for£. coli) and eucaryotic (e.g., yeast alcohol dehydrogenase (ADH1), SV40, 
CMV) hosts are available. 

In addition, the expression vectors typically comprise a selectable marker for 
selection of host cells carrying the vector, and, in the case of replicable expression 
vector, an origin or replication. Genes encoding products which confer antibiotic or 
drug resistance are common selectable markers and may be used in procaryotic (e.g., 
p-lactamase gene (ampicillin resistance), Tet gene for tetracycline resistance) and 
eucaryotic cells (e.g., neomycin (G418 or geneticin), gpt (mycophenolic acid), 
ampicillin, or hygromycin resistance genes). Dihydrofolate reductase marker genes 
permit selection with methotrexate in a variety of hosts. Genes encoding the gene 
product of auxotrophic markers of the host (e.g., LEU2, URA3, HIS3) are often used as 
selectable markers in yeast. Use of viral (e.g., baculovirus) or phage vectors, and 
vectors which are capable of integrating into the genome of the host cell, such as 
retroviral vectors, are also contemplated. The present invention also relates to cells 
carrying these expression vectors. 

The invention also relates to a method of producing a targeting molecule. For 
example, a nucleic acid encoding a targeting molecule fusion protein, or a construct 
comprising such nucleic acid, can be introduced into a suitable host cell by a method 
appropriate to the host cell selected (e.g., transformation, transfection, electroporation, 
infection), such that the nucleic acid is operably linked to one or more expression 
control elements (e.g., in a vector, in a construct created by processes in the cell, 
integrated into the host cell genome). Host cells can be maintained under conditions 
suitable for expression (e.g., in the presence of inducer, suitable media supplemented 
with appropriate salts, growth factors, antibiotic, nutritional supplements, etc.), whereby 
the encoded polypeptide is produced. If desired, the encoded targeting molecule can be 
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lsolated (e.g., from the host cells, medium, milk). It will be appreciated that the method 
encompasses expression in a host cell of a transgenic animal (see e.g., WO 92/03918, 
GenPharm International, published March 19, 1992). 

Models of Inflammation 

In vivo models of inflammation are available which can be used to assess the 
efficacy of antibodies (anti-Bonzo, anti-SExCkine), antigen-binding fragments and 
targeting molecules of the invention, as well as agents identified by the methods 
described herein as in vivo therapeutics. For example, leukocyte infiltration upon 
intradermal injection of a Bonzo ligand (e.g., SExCkine, platelet factor 4) and an 
antibody or antigen-binding fragment thereof reactive with mammalian Bonzo into a 
suitable animal, such as rabbit, mouse, rat, guinea pig or primate (e.g., rhesus macaque) 
can be monitored (see e.g., Van Damme, J. et al, J. Exp. Med., 176: 59-65 (1992); 
Zachariae, C.O.C. etal, J. Exp. Med. 171: 2177-2182 (1990); Jose, P.J. etai, J. Exp. 
Med. 179: 881-887 (1994)). In one embodiment, skin biopsies are assessed 
histologically for infiltration of leukocytes (e.g., Bonzo + T cells). In another 
embodiment, labeled cells (e.g., stably transfected cells expressing a mammalian Bonzo, 
labeled with m In for example) capable of chemotaxis and extravasation are 
administered to the animal. For example, an antibody or agent to be assessed which 
binds a mammalian Bonzo can be administered, either before, simultaneously with or 
after a Bonzo ligand or agonist (e.g., SExCkine) is administered to the test animal. A 
decrease of the extent of infiltration in the presence of antibody or agent as compared 
with the extent of infiltration in the absence of said antibody or agent is indicative of 
inhibition. 

As described herein, Bonzo is expressed on chronically stimulated lymphocytes 
(e.g., chronically stimulated T cell subsets (e.g., T H 1, T H 2, T R 1, LAK, CIK). Thus, 
animal models of inflammatory diseases can be used to assess the therapeutic efficacy 
of Bonzo modulating agents. A variety of in vivo models of inflammatory diseases are 
available, which can be used to assess the effects of ligands, inhibitors, promoters or 
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targeting molecules in vivo as therapeutic agents, including a sheep model for asthma 
(see e.g., Weg, V.B. et al, J.Exp. Med., 177: 561 (1993), the teachings of which are 
incorporated herein by reference), a rat delayed type hypersensitivity model (Rand, 
MX. etal, Am. J. Pathol., 148: 855-864 (1996), the teachings of which are 
incorporated herein by reference), or other suitable models. Additional suitable models 
include, models of mucosal inflammatory diseases (e.g., respiratory tract, urogenital 
tract, alimentary canal and associated organs and tissues (e.g., pancreas, liver, gall 
bladder)). For example, the antibodies and antigen binding fragments of the invention, 
as well as agents identified by the methods described herein, can be studied in the 
cotton-top tamarin model of inflammatory bowel disease (Podolsky, D.K., et al, J. 
Clin. Invest. 92:372-380 (1993)). The CD45RB Hi /SCID model provides a mouse model 
with similarity to both Crohn's disease and ulcerative colitis (Powrie, F. et al., 
Immunity, 1: 553-562 (1994)). Therapeutic efficacy in this model can be assessed, for 
example, by using parameters such as inhibition of recruitment of 11 'in-labeled cells to 
the colon and reduction in the number of CD4 + T lymphocytes in the lamina propria of 
the large intestine after administration (e.g., intravenous (i.v.), intraperitoneally (i.p.) 
and per oral (p.o.)) of an agent. Knockout mice which develop intestinal lesions similar 
to those of human inflammatory bowel disease have also been described (Strober, W. 
and Ehrhardt, R.O., Cell, 75: 203-205 (1993)), and NOD mice provide an animal model 
of insulin-dependent diabetes mellitus. 

Well established animal models for multiple sclerosis (e.g., experimental 
autoimmune encephalitis in rodents (e.g., mice, rats)), cancers and infectious diseases 
which can be used to assess the therapeutic efficacy of targeting molecules and Bonzo 
modulating agents are available. For example, anti-tumor activity of targeting 
molecules and Bonzo agonists can be evaluated in MCA26 colon carcinoma liver tumor 
model, in SCID mice injected with human gastric tumor cell line MKN-45, in mice 
(C3H/HeN) injected with CL-62 melanoma cells, mice injected with HOPE2 metastatic 
melanoma cells or other suitable models (see, for example, Pham-Nguyen, K. B., et al., 
Int. J. Cancer, 81:813-819 (1999); Senba, T., etal., Anticancer Res., 18:17-24 (1998), 
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Thibault, C, et al, Int. J. Cancer, 67:232-237 (1996), Hariharan, K., et al., Int. J. 
Oncol., 12:1229-1235 (1998)). Animal models which closely resemble human disease, 
such as viral infection (HIV, EBV, hepatitis C virus) and cancer (e.g., lymphoid tumors) 
in SCID-hu mice can be used (see, for example, Seydel K.B. et al, Gastroenterology, 
775:1446-1453 (1998), Bristol, G.C. et al, Methods, 12-343-341 (1997), Jansen, B. et 
al, Int. J. Cancer, 57:821-825 (1996), McCune, J. M., et al, Curr. Top. Microbiol 
Immunol, 752:183-193 (1989)). 

Diagnostic Applications 

The Bonzo binding agents described herein (e.g., antibodies of the present 
invention, SExCkine) have application in procedures in which Bonzo can be detected on 
the surface of cells. The receptor provides a marker of the leukocyte cell types in which 
it is expressed. For example, antibodies raised against a mammalian Bonzo protein or 
peptide, such as the anti-Bonzo antibodies described herein (e.g., mAb 4A1 1, mAb 7A2, 
mAb 7F3, mAb 9G2), can be used to detect and/or quantify cells expressing a 
mammalian Bonzo. In one embodiment, the antibodies can be used to sort cells which 
express Bonzo from among a mixture of cells (e.g., to isolate cytotoxic "anti-tumor" 
cells, such as Bonzo + CD3 + CD56 + T cells). Suitable methods for counting and/or sorting 
cells can be used for this purpose (e.g., flow cytometry, fluorescence activated cell 
sorting). If desired, sorted cells can be expanded by culture under conditions suitable 
for expansion of cytotoxic effector cell. Culture conditions which are suitable for 
expanding cytotoxic effector cells, including CD3 + CD56 + cells, are known in the art 
(see, for example, Lu, P. H. et al,J. Immunol, 755:1687-1696 (1994); Jin, Y. et al, 
Human Immunology, 59:352-362 (1998)). In another embodiment, Bonzo + cells are 
identified by the ability to bind SExCkine or a receptor-binding variant thereof. Cell 
counts can be used in the diagnosis of diseases or conditions in which an increase or 
decrease in leukocyte cell types (e.g., leukocytes which home to the mucosa) is 
observed. 
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Furthermore, Bonzo binding agents described herein (e.g., antibodies of the 
present invention, SExCkine) can be used to detect or measure expression of Bonzo. 
For example, antibodies of the present invention can be used to detect or measure a 
mammalian Bonzo in a biological sample (e.g„ cells, tissues or body fluids from an 
individual such as blood, serum, leukocytes (e.g., activated T lymphocytes), 
bronchoalveolar lavage fluid, saliva, bowel fluid, biopsy specimens). For example, a 
sample (e.g., tissue and/or fluid) can be obtained from an individual and a suitable assay 
can be used to assess the presence or amount of Bonzo protein. Suitable assays include 
immunological and immunochemical methods such as flow cytometry (e.g., FACS 
analysis) and immunosorbent assays, including enzyme-linked immunosorbent assays 
(ELISA), radioimmunoassay (RIA), chemiluminescence assays, immuno-blot (e.g., 
western blot), immunocytochemistry and immunohistology. Generally, a sample and 
antibody or antigen-binding fragment of the present invention are combined under 
conditions suitable for the formation a complex between Bonzo and the antibody or 
antigen-binding fragment thereof, and the formation of said complex is assessed 
(directly or indirectly). 

The presence of an increased level of Bonzo reactivity in a sample (e.g., a tissue 
sample) obtained from an individual can be indicative of inflammation and/or leukocyte 
(e.g., activated T cell) infiltration and/or accumulation associated with an inflammatory 
disease or condition, such as an inflammatory bowel disease, allograft rejection, delayed 
type hypersensitivity reaction, or an infection such as a viral or bacterial infection. The 
presence of a decreased level of Bonzo reactivity in the circulation (e.g., on the surface 
of circulating lymphocytes) can also be indicative of leukocyte infiltration and/or 
accumulation at inflammatory sites. The level of expression of a mammalian Bonzo 
protein or variant can also be used to correlate increased or decreased expression of a 
mammalian Bonzo protein with a particular disease or condition, and in the diagnosis of 
a disease or condition in which increased or decreased -expression of a mammalian 
Bonzo protein occurs (e.g., increased or decreased relative to a suitable control, such as 
the level of expression in a normal individual). Similarly, the course of therapy can be 



-48- 



monitored by assessing Bonzo immunoreactivity in a sample from a subject. For 
example, antibodies of the present invention can be used to monitor the number of cells 
expressing Bonzo in a sample (e.g., blood, tissue) from a subject being treated with an 
anti-inflammatory or immunomodulating agent (e.g., immunosuppressive agent, such as 
cyclosporin A; immunostimulant, such as IL-2). 

Kits for use in detecting the presence of a mammalian Bonzo protein in a 
biological sample can also be prepared. Such kits can include an agent which binds to a 
mammalian Bonzo receptor or portion of said receptor (e.g., antibody or functional 
fragment thereof, ligand (e.g., SExCkine)), as well as one or more ancillary reagents 
suitable for detecting the presence of a complex between the antibody or fragment and 
Bonzo or portion thereof. The antibody compositions of the present invention can be 
provided in lyophilized form, either alone or in combination with additional antibodies 
specific for other epitopes. The antibodies or antigen-binding fragments thereof, which 
can be labeled or unlabeled, can be included in the kits with adjunct ingredients (e.g., 
buffers, such as Tris, phosphate and carbonate, stabilizers, excipients, biocides and/or 
inert proteins, e.g., bovine serum albumin). For example, the antibodies or antigen- 
binding fragments can be provided as a lyophilized mixture with the adjunct 
ingredients, or the adjunct ingredients can be separately provided for combination by 
the user. Generally these adjunct materials will be present in less than about 5% by 
weight based on the amount of active antibody, and usually will be present in a total 
amount of at least about 0.001% by weight based on antibody concentration. Where a 
second antibody or antigen-binding fragment capable of binding to the anti-Bonzo 
antibody or antigen-binding fragment is employed, such antibody or fragment can be 
provided in the kit, for instance in a separate vial or container. The second antibody or 
antigen-binding fragment, if present, is typically labeled, and can be formulated in an 
analogous manner with the antibody formulations described above. The components 
(e.g., anti-Bonzo antibody or antigen-binding fragment thereof, ancillary reagent) of the 
kit can be packaged separately or together within suitable containment means (e.g., 
bottle, box, envelope, tube). When the kit comprises a plurality of individually 
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packaged components, the individual packages can be contained within a single larger 
containment means (e.g., bottle, box, envelope, tube). 

Similarly, the present invention also relates to a method of detecting and/or 
quantifying expression of a mammalian Bonzo receptor or a portion of the receptor by a 
5 cell, in which a composition comprising a cell or fraction thereof (e.g., membrane 

fraction) is contacted with an antibody or functional fragment thereof (e.g., mAb 4A1 1, 
mAb 7A2, mAb 7F3, mAb 9G2) which binds to a mammalian Bonzo or portion of the 
receptor under conditions appropriate for binding of the antibody or fragment thereto, 
and binding is monitored. Detection of the antibody or antigen-binding fragment, 
10 indicative of the formation of a complex between said antibody or fragment and a 

mammalian Bonzo or a portion thereof, indicates the presence of the receptor. Binding 
of antibody to the cell can be determined using any suitable method. The method can 
be used to detect expression of Bonzo on cells from a subject (e.g., in a sample, such as 
a body fluid, such as blood, saliva or other suitable sample). The level of expression of 
15 Bonzo on the surface of cells (e.g., leukocytes) can also be determined, for instance, by 
flow cytometry, and the level of expression (e.g., staining intensity) can be correlated 
with disease susceptibility, progression or risk. 

The anti-SExCkine antibodies and antigen-binding fragments thereof described 
herein have application in procedures in which SExCkine can be detected on the surface 
20 of cells or in solution (e.g., in plasma, serum, culture supernatant). The protein provides 
a marker for cell types in which SExCkine is expressed. For example, antibodies raised 
against a mammalian SExCkine protein or peptide, can be used to detect and/or quantify 
cells expressing a mammalian SExCkine. In one embodiment, the antibodies can be 
used to sort cells which express SExCkine from among a mixture of cells (e.g., cells 
25 expressing transmembrane SExCkine, cells expressing intracellular SExCkine). 

Suitable methods for counting and/or sorting cells can be used for this purpose (e.g., 
flow cytometry, fluorescence activated cell sorting). If desired, sorted cells can be 
expanded by culture under conditions suitable for expansion. Cell counts can be used in 
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the diagnosis of diseases or conditions in which an increase or decrease in SExCkine 
expression is observed. 

Furthermore, anti-SExCkine antibodies and antigen-binding fragments thereof 
described herein can be used to detect or measure expression of SExCkine. For 
5 example, antibodies of the present invention can be used to detect or measure a 

mammalian SExCkine in a biological sample (e.g., cells, tissues or body fluids from an 
individual such as blood, serum, leukocytes (e.g., activated T lymphocytes), 
bronchoalveolar lavage fluid, saliva, bowel fluid, biopsy specimens). For example, a 
sample (e.g., tissue and/or fluid) can be obtained from an individual and a suitable assay 
10 can be used to assess the presence or amount of SExCkine protein. Suitable assays 
include immunological and immunochemical methods such as flow cytometry (e.g., 
FACS analysis) and immunosorbent assays, including enzyme-linked immunosorbent 
assays (ELISA), radioimmunoassay (RIA), chemiluminescence assays, immuno-blot 
(e.g., western blot), immunocytochemistry and immunohistology. Generally, a sample 
15 and antibody or antigen-binding fragment of the present invention are combined under 
conditions suitable for the formation of a complex between SExCkine and said antibody 
or fragment, and the formation of said complex is assessed (directly or indirectly). 

The presence of an increased level of SExCkine reactivity in a sample (e.g., 
blood, serum, tissue) obtained from an individual can be indicative of inflammation 
20 and/or leukocyte (e.g., activated T cell) infiltration and/or accumulation associated with 
an inflammatory disease or condition, such as an inflammatory bowel disease, allograft 
rejection, delayed type hypersensitivity reaction, or an infection such as a viral or 
bacterial infection. The level of expression of a mammalian SExCkine protein or 
variant can also be used to correlate increased or decreased expression of a mammalian 
25 SExCkine protein with a particular disease or condition, and in the diagnosis of a 
disease or condition in which increased or decreased expression of a mammalian 
SExCkine protein occurs (e.g., increased or decreased relative to a suitable control, such 
as the level of expression in a normal individual). Similarly, the course of therapy can 
be monitored by assessing SExCkine immunoreactivity in a sample from a subject. For 
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example, antibodies of the present invention can be used to monitor the amount of 
SExCkine in a sample (e.g., blood, serum, tissue) from a subject being treated with an 
anti-inflammatory or immunomodulating agent (e.g., immunosuppressive agent, such as 
cyclosporin A; immunostimulant, such as IL-2). 

Kits for use in detecting the presence of a mammalian SExCkine protein in a 
biological sample can also be prepared. Such kits can include an antibody or functional 
fragment thereof which binds to a mammalian SExCkine or portion thereof, as well as 
one or more ancillary reagents suitable for detecting the presence of a complex between 
the antibody or fragment and SExCkine or portion thereof. The antibody compositions 
of the present invention can be provided in lyophilized form, either alone or in 
combination with additional antibodies specific for other epitopes. The antibodies or 
antigen-binding fragments, which can be labeled or unlabeled, can be included in the 
kits with adjunct ingredients (e.g., buffers, such as Tris, phosphate and carbonate, 
stabilizers, excipients, biocides and/or inert proteins, e.g., bovine serum albumin). For 
example, the antibodies or antigen-binding fragments can be provided as a lyophilized 
mixture with the adjunct ingredients, or the adjunct ingredients can be separately 
provided for combination by the user. Generally these adjunct materials will be present 
in less than about 5% by weight based on the amount of active antibody, and usually 
will be present in a total amount of at least about 0.001% by weight based on antibody 
concentration. Where a second antibody or antigen-binding fragment capable of 
binding to the anti-SExCkine antibody or antigen-binding fragment is employed, such 
antibody or fragment can be provided in the kit, for instance in a separate vial or 
container. The second antibody or antigen-binding fragment, if present, is typically 
labeled, and can be formulated in an analogous manner with the antibody formulations 
described above. The components (e.g., anti-SExCkine antibody or antigen-binding 
fragment thereof, ancillary reagent) of the kit can be packaged separately or together 
within suitable containment means (e.g., bottle, box, envelope, tube). When the kit 
comprises a plurality of individually packaged components, the individual packages can 
be contained.within a single larger containment means (e.g., bottle, box, envelope, 
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tube). 

Similarly, the present invention also relates to a method of detecting and/or 
quantifying expression of a mammalian SExCkine or a portion thereof by a cell, in 
which a composition comprising a cell or fraction thereof (e.g., membrane fraction, 
saponin permeabilized cell) is contacted with an antibody or functional fragment thereof 
which binds to a mammalian SExCkine or portion thereof under conditions appropriate 
for binding of the antibody or fragment thereto, and binding is monitored. Detection of 
the antibody or antigen-binding fragment, indicative of the formation of a complex 
between said antibody or fragment and a mammalian SExCkine or a portion thereof, 
indicates the presence of the receptor. Binding of antibody to SExCkine can be 
determined using any suitable method. The method can be used to detect expression 
(e.g., on the plasma membrane, intracellular) of SExCkine by cells from a subject (e.g., 
in a sample, such as a body fluid, such as blood, saliva or other suitable sample). (See, 
for example, Kallas, E. G., et aL, J. Infect. Dis. f 179:1 124-1 131 (1999), regarding 
intracellular staining of cells to detect secreted proteins.) The level of expression of 
SExCkine (e.g., staining intensity) can be correlated with disease susceptibility, 
progression or risk. 

Methods of Therapy 

Modulation of mammalian Bonzo function according to the present invention, 
through the inhibition or promotion of at least one function characteristic of a 
mammalian Bonzo protein, provides an effective and selective way of inhibiting or 
promoting receptor-mediated functions. Once lymphocytes are recruited to a site, other 
leukocyte types, such as monocytes, may be recruited by secondary signals. Thus, 
agents which can modulate Bonzo function, including ligands, inhibitors and/or 
promoters, such as those identified as described herein, can be used to modulate 
leukocyte function (e.g., leukocyte infiltration including recruitment and/or 
accumulation). 

In one aspect, the present invention provides a method of modulating (inhibiting 
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or promoting) an inflammatory response in a subject in need of such therapy, 
comprising administering an effective amount of an agent which inhibits or promotes 
mammalian Bonzo function to an individual in need of such therapy. In one 
embodiment, an effective amount of an agent which inhibits one or more functions of a 
5 mammalian Bonzo protein (e.g., a human Bonzo) is administered to a subject to inhibit 
(i.e., reduce or prevent) inflammation. For example, antibodies of the present invention, 
including antibodies and antigen-binding fragments thereof which bind Bonzo and 
inhibit binding of ligand to receptor (e.g., mAb 4A1 1, mAb 7A2, mAb 7F3), and 
antibodies and antigen-binding fragments thereof which bind SExCkine and inhibit 

1 0 binding of SExCkine to Bonzo, can be used in the method. As a result, one or more 
inflammatory processes, such as leukocyte emigration, chemotaxis, exocytosis (e.g., of 
enzymes) or inflammatory mediator release, is inhibited. For example, leukocytic 
infiltration of inflammatory sites (e.g., in a inflamed mucous membrane (e.g., colon, 
small intestine)) can be inhibited according to the present method. In another 

1 5 embodiment, an effective amount of an agent which inhibits one or more functions of a 
mammalian Bonzo protein (e.g., a human Bonzo) is administered to a subject to inhibit 
(i.e., reduce or prevent) Bonzo-mediated homing of leukocytes. 

Thus, the invention relates to a method of treating a subject having an 
inflammatory disease, comprising administering an effective amount of an antagonist of 

20 Bonzo function. In a particular embodiment, the subject has an inflammatory bowel 
disease, such as Crohn's disease or colitis. 

The invention also relates to a method of inhibiting Bonzo-mediated homing of 
leukocytes in a subject, comprising administering an effective amount of an antagonist 
of Bonzo function, for example, the homing of leukocytes to mucosal sites can be 

25 inhibited. 

In one embodiment, an agent (e.g., receptor agonist) which promotes one or 
more functions of a mammalian Bonzo protein (e.g., a human Bonzo) is administered to 
induce (trigger or enhance) the recruitment of ceils to a desired site or to induce an 
inflammatory response, such as leukocyte emigration, chemotaxis, exocytosis (e.g., of 



-54- 



enzymes) or inflammatory mediator release, resulting in the beneficial stimulation of 
inflammatory processes. For example, T cells including CD3 + CD56 + cells can be 
recruited to combat infections (e.g., viral, bacterial, fungal) or tumors. 

In another embodiment, a targeting molecule, as described herein, is 
administered to effectuate or promote the interaction of a Bonzo + cell (e.g., Bonzo* CIK 
cell) with a target cell (e.g., a cell infected with a virus, tumor cell). For example, a 
targeting molecule can be administered to promote the interaction of Bonzo+ 
cytotoxic/cytolytic cells (e.g., cytotoxic T cells, CD3 + CD56 + cells, NK cells, CIK, 
LAK) with tumor cells and/or virus infected cells, resulting in the beneficial targeting of 
cytotoxic/cytolytic activity. Accordingly, a targeting molecule (e.g., a bispecific anti- 
Bonzo X anti-tumor antigen antibody) can be administered to treat a subject having a 
tumor or infection (e.g., viral infection). Targeting molecules can also be administered 
to recruit Bonzo + cytotoxic/cytolytic cells and/or augment cytotoxic/cytolytic effector 
function in a subject, for example, as a component of a vaccine. 

In a another embodiment, the invention relates to a method of promoting Bonzo 
mediated homing of leukocytes in a subject/ comprising administering an effective 
amount of a promoter (e.g., agonist) of Befnzo function. 

Agents which can inhibit the binding of SExCkine to receptor (e.g., Bonzo), 
including antibodies, such as those identified as described herein, can be used to 
modulate leukocyte function (e.g., leukocyte infiltration including recruitment and/or 
accumulation). 

In one aspect, the present invention provides a method of modulating (inhibiting 
or promoting) an inflammatory response in a subject in need of such therapy, 
comprising administering an effective amount of an antibody which inhibits binding of 
SExCkine to receptor (e.g., Bonzo) to an individual in need of such therapy. In one 
embodiment, an effective amount of an antibody which inhibits binding of mammalian 
SExCkine to mammalian Bonzo protein (e.g., a human Bonzo) is administered to a 
subject to inhibit (i.e., reduce or prevent) inflammation. As a result* one or more 
inflammatory processes, such as leukocyte emigration, chemotaxis, exocytosis (e.g., of 
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enzymes) or inflammatory mediator release, is inhibited. For example, leukocytic 
infiltration of inflammatory sites (e.g., in a inflamed mucus membrane (e.g., colon, 
small intestine)) can be inhibited according to the present method. In another 
embodiment, an effective amount of an antibody which inhibits binding of mammalian 
5 SExCkine to mammalian Bonzo protein (e.g., a human Bonzo) is administered to a 
subject to inhibit (i.e., reduce or prevent) SExCkine-induced homing of leukocytes. 

In another embodiment, Bonzo* cells are sorted (e.g., from the peripheral blood 
isolated from a subject) to prepare a population of cells enriched in cytotoxic effector 
cells (e.g., Bonzo*CD3 + CD56 + cells, Bonzo + CD56 + NK cells). For example, peripheral 
10 blood cells can be contacted with an anti-Bonzo antibody under conditions suitable for 
yFj binding of antibody to Bonzo expressed on the surface of cells. The cells to which the 

j| anti-Bonzo antibody is bound can be isolated using any suitable method. For example, 

P direct or indirect fluorescence activated cell sorting or direct or indirect magnetic 

J : 

S sorting can be used. The sorted cells can be administered to a subject in need thereof, or 

^ 15 the population of sorted cells can be expanded and/or differentiated by culture under 

□ suitable conditions. For example, LAK cells or CDC cells can be generated and/or 

expanded. The expanded cells can also be administered to a subject in need of cytotoxic 
j{ effector cells (e.g., a subject which has a tumor, a subject which has a viral infection). 

Preferably, autologous cytotoxic effector cells are administered. Culture conditions 
20 which are suitable for expanding cytotoxic effector cells, including CD3 + CD56 + cells, 
CIK and LAK cells, are known in the art (see, for example, Lu, P. H. et al.,J. Immunol, 
753:1687-1696 (1994); Jin, Y. et aL, Human Immunology, 59:352-362 (1998)). 

The term "subject" is defined herein to include animals such as mammals, 
including, but not limited to, primates (e.g., humans), cows, sheep, goats, horses, dogs, 
25 cats, rabbits, guinea pigs, rats, mice or other bovine, ovine, equine, canine, feline, rodent 
or murine species. 

Diseases and conditions associated with inflammation, infection, and cancer can 
be treated using the method. In a preferred embodiment, the disease or condition is one 
in which the actions of lymphocytes, particularly effector cells such as activated or 
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stimulated T lymphocytes and natural killer (NK) cells, are to be inhibited or promoted 
for therapeutic (including prophylactic) purposes. In a particularly preferred 
embodiment, the inflammatory disease or condition is a T cell-mediated disease or 
condition. 

Diseases or conditions, including chronic diseases, of humans or other species 
which can be treated with inhibitors of Bonzo function, include, but are not limited to: 

o inflammatory or allergic diseases and conditions, including systemic 
anaphylaxis or hypersensitivity responses, drug allergies (e.g., to penicillin, 
cephalosporins), insect sting allergies; inflammatory bowel diseases, such as Crohn's 
disease, ulcerative colitis, ileitis and enteritis; vaginitis; psoriasis and inflammatory 
dermatoses such as dermatitis, eczema, atopic dermatitis, allergic contact dermatitis, 
urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity vasculitis); 
spondyloarthropathies; scleroderma; respiratory allergic diseases such as asthma, 
allergic rhinitis, hypersensitivity lung diseases, hypersensitivity pneumonitis, interstitial 
lung diseases (ILD) (e.g., idiopathic pulmonary fibrosis, or ILD associated with 
rheumatoid arthritis, or other autoimmune conditions); 

o autoimmune diseases, such as arthritis (e.g., rheumatoid arthritis, psoriatic 
arthritis), multiple sclerosis, systemic lupus erythematosus, myasthenia gravis, diabetes, 
including diabetes mellitus and juvenile onset diabetes, glomerulonephritis and other 
nephritides, autoimmune thyroiditis, Behcet's disease; 

o graft rejection (e.g., in transplantation), including allograft rejection or graft- 
versus-host disease; 

o viral infection, particularly infection by simian immunodeficiency virus (SIV) 
or human immunodeficiency virus (HIV); 
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o other diseases or conditions in which undesirable inflammatory responses are 
to be inhibited can be treated, including, but not limited to, atherosclerosis (e.g., 
transplant accelerated atherosclerosis), restenosis, cytokine-induced toxicity, myositis 
(including polymyositis, dermatomyositis). 

5 Diseases or conditions of humans or other species which can be treated with 

promoters (e.g., an agonist) of Bonzo function or targeting molecules, include, but are 
not limited to: 

o cancers, for example, solid tumors and/or those with leukocytic infiltration of 
the skin or organs such as cutaneous T cell lymphoma (e.g., mycosis fungoides); 

o diseases in which angiogenesis or neovascularization plays a role, including 
neoplastic disease, retinopathy (e.g., diabetic retinopathy), and macular degeneration; 

o infectious diseases, such as bacterial infections and tuberculoid leprosy, and 
especially viral infections; 

o immunosuppression, such as that fa individuals with immunodeficiency 
syndromes such as AIDS, individuals undergoing radiation therapy, chemotherapy, or 
other therapy which causes immunosupnression; immunosuppression due congenital 
deficiency in receptor function or othei/causes. 

Modes of Administration 

According to the method, one or more agents can be administered to the subject 
20 by an appropriate route, either alone or in combination with another drug. An effective 
amount of an agent (e.g., a molecule which inhibits ligand binding, an anti-Bonzo 
antibody or antigen-binding fragment thereof, a targeting molecule) is administered. An 
effective amount is an amount sufficient to achieve the desired therapeutic or 
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prophylactic effect, under the conditions of administration, such as an amount sufficient 
to promote the interaction of a Bonzo + cell with a target cell, or an amount sufficient for 
inhibition or promotion of Bonzo receptor function, and thereby, inhibition or 
promotion, respectively, of a Bonzo-mediated process (e.g., an inflammatory response). 
The agents can be administered in a single dose or multiple doses. The dosage can be 
determined by methods known in the art and is dependent, for example, upon the 
particular agent chosen, the subject's age, sensitivity and tolerance to drugs, and overall 
well-being. Suitable dosages for antibodies and targeting molecules can be from about 
0.01 mg/kg to about 100 mg/kg body weight per treatment. 

A variety of routes of administration are possible including, for example, oral, 
dietary, topical, transdermal, rectal, parenteral (e.g., intravenous, intraarterial, 
intramuscular, subcutaneous, intradermal injection), and inhalation (e.g., intrabronchial, 
intranasal or oral inhalation, intranasal drops) routes of administration, depending on the 
agent and disease or condition to be treated. Administration can be local or systemic as 
indicated. The preferred mode of administration can vary depending upon the particular 
agent (e.g., Bonzo antagonist) chosen, and the particular condition (e.g., disease) being 
treated, however, oral or parenteral administration is generally preferred. 

The agent can be administered as a neutral compound or as a salt. Salts of 
compounds containing an amine or other basic group can be obtained, for example, by 
reacting with a suitable organic or inorganic acid, such as hydrogen chloride, hydrogen 
bromide, acetic acid, perchloric acid and the like. Compounds with a quaternary 
ammonium group also contain a counteranion such as chloride* bromide, iodide, acetate, 
perchlorate and the like. Salts of compounds containing a carboxylic acid or other 
acidic functional group can be prepared by reacting with a suitable base, for example, a 
hydroxide base. Salts of acidic functional groups contain a countercation such as 
sodium, potassium and the like. 

The agent can be administered to the individual as part of a pharmaceutical 
composition for modulation of Bonzo function comprising an inhibitor or promotor of 
Bonzo function and a pharmaceutical^ acceptable carrier. Formulation will vary 
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according to the route of administration selected (e.g., solution, emulsion, capsule). 
Suitable pharmaceutical carriers can contain inert ingredients which do not interact with 
the promoter (agonist) or inhibitor (antagonist) of Bonzo function. Standard 
pharmaceutical formulation techniques can be employed, such as those described in 
Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, PA. 
Suitable pharmaceutical carriers for parenteral administration include, for example, 
sterile water, physiological saline, bacteriostatic saline (saline containing about 0.9% 
mg/ml benzyl alcohol), phosphate-buffered saline, Hank's solution, Ringer's-lactate and 
the like. Methods for encapsulating compositions (such as in a coating of hard gelatin 
or cyclodextran) are known in the art (Baker, et aL, "Controlled Release of Biological 
Active Agents", John Wiley and Sons, 1986). For inhalation, the agent can be 
solubilized and loaded into a suitable dispenser for administration (e.g., an atomizer, 
nebulizer or pressurized aerosol dispenser). 

Furthermore, where the agent is a protein or peptide, the agent can be 
administered via in vivo expression of the recombinant protein. In vivo expression can 
be accomplished via somatic cell expression according to suitable methods (see, e.g. 
U.S. Patent No. 5,399,346). In this embodiment, a nucleic acid encoding the protein 
can be incorporated into a retroviral, adenoviral or other suitable vector (preferably, a 
replication deficient infectious vector) for delivery, or can be introduced into a 
transfected or transformed host cell capable of expressing the protein for delivery. In 
the latter embodiment, the cells can be implanted (alone or in a barrier device), injected 
or otherwise introduced in an amount effective to express the protein in a therapeutically 
effective amount. 

The present invention will now be illustrated by the following Examples, which 
are not intended to be limiting in any way. 
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EXAMPLE 

METHODS AND MATERIALS 

Construction of recombinant cells expressing Bonzo 

DNA encoding Bonzo was obtained by polymerase chain reaction (PCR) using 
human genomic.DNA as template with a synthetic 5 f -oligonucleotide primer (ttt gga tec 
atg tat ccc tat gac gtg ccc gac tat get gca gag cat gat tac cat gaa gac tat ggg, SEQ ID NO 
9) and a 3 '-oligonucleotide primer (ttt gcggccgc eta taa ctg gaa cat get ggt ggc etc, SEQ 
ID NO: 10) which contained flanking BamHI and NotI restriction sites, respectively. 
The S'-oligonucleotide primer was designed to produce a DNA encoding Bonzo that 
contains an N-terminal Hemagglutinin (HA) epitope (CYPYDVPDYASL; SEQ ID NO: 
1 1). The PCR contained 0.2 juM primers (total), 0.39 jag human genomic DNA, 0.2 
mM dNTPs, 3.75 U PFU polymerase. Cycling parameters were: 95°C for 5 minutes, 
followed by 30 cycles of 95°C for 30 seconds, 55°C for 1 minute and 72°C for 1.5 
minutes, then 72°C for 10 minutes. The PCR fragment was subcloned into the BamHI 
and NotI sites of pCDEF/IRES. pCDEF/IRES was prepared by inserting the MluI-NotI 
fragment from pCDEF3 ( Goldman, L.A., et aL, Biotechniques, 27:1013-1015 (1996)) 
into the Mlul-Notl sites of pIRESneo (Clontech) which contains a bicistronic fragment 
to facilitate the selection of high expressors. An EF1 promoter drove expression of the 
cDNA inserted into pCDEF/IRES. The resulting construct was transfected into the LI .2 
cell line (a murine pre-B lymphoma). 

The murine pre-B lymphoma cell line LI. 2 was obtained from Dr. Eugene 
Butcher (Stanford University) and maintained in RPMI-1640 supplemented with 10% 
bovine serum. 20 |ig of linearized plasmid was used to transfect the cell line as follows. 
L1.2 cells were washed twice in HBSS and resuspended in 0.8 ml of the same. The 
plasmid DNA was mixed with the cells and incubated for 10 minutes at room 
temperature then transferred to a 0.4 cm electroporation cuvette and a single pulse 
applied at 250 V, 960 (IF. The electroporation was followed by a 10 minute incubation 
at room temperature. G41 8 was added to a final concentration of 0.8 mg/ml 48 hr post- 
transfection and the cells plated in 96 well plates at 25,000 cells/well. After 2-3 weeks 



-61- 



under drug selection, cells expressing high levels of Bonzo were selected by staining 
with anti-HA. 1 1 mAb (Babco, Berkely, CA) and subcloned. The resulting stable 
transfectants were used to immunize mice. 

Generation of anti-Bonzo hybridomas 

MAbs reactive with Bonzo were generated by immunizing mice with 
Bonzo/L1.2 cells. Six female mice (C57BL6) were immunized by intraperitoneal 
injection of about 10 7 cells in phosphate buffered saline. The mice received six 
injections at three week intervals. TheBonzo/LL2 cells used for the first 2-3 injections 
were treated with mitomycin C to prevent tumor growth. A final (seventh) injection 
was administered intravenously. Four days after the final injection, the animals were 
sacrificed, the spleens were removed, and splenocytes were fused with SP2/0 cells and 
selected in media containing hypoxanthine, aminopterine and thymine (HAT media) as 
described (Coligan, J. E. et al, Current Protocols in Immunology, John Wiley and Sons, 
New York (1992)). About 3000 to about 5000 hybridomas were screened for each 
fusion. Four hybridomas that secreted anti-Bonzo mAbs were isolated and are 
presented in Table 1 . The hybridomas can be maintained under standard culture 
conditions (humidified incubator, 37°C, 5% C0 2 ) in the following culture media: 
Dulbecco's modified Eagle medium (DMEM) containing 10% fetal bovine serum, 2 
mM L-glutamine, 1 mM sodium pyruvate and 100 ng/mL interleukin 6. Penicillin (50 
U/mL) and streptomycin (50 jig/mL).can be added to the culture media if desired. 
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Table 1 



hybridoma 


antibody 


isotype 


inhibited binding of 
SExCkine to Bonzo 


Murine hybridoma 4A1 1 


mAb 4A1 1 


IgG2b 


yes 


Murine hybridoma 7 A2 


mAb 7A2 


IgG2a 


yes 


Murine hybridoma 7F3 


mAb7F3 


IgG2a 


yes 


Murine hybridoma 9G2 


mAb 9G2 


IgM 


partial 



mAb specificity and immunofluorescent stanining 

The reactivity of the mAbs was assessed by staining (indirect 
immunofluorescence and flow cytometry) human PBMC isolated by Lymphoprep™ 
(Nycomed) density gradient centrifugation of venous blood collected from volunteer 
donors, and numerous transfected LI. 2 cells that expressed chemokine receptors 
(CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CXCR1, CXCR2, CXCR3, 
CXCR4, CXCR5, GPRS, V28 and GPR9-6) or orphan G-protein-coupled receptors 
(Bob, LyGPR, AF014958 (AF, CRAM), APJ and RDC). Nucleotide sequences 
encoding these receptors are deposited in Genbank under the accession numbers 
presented in Table 2. For staining, transfected cells or PBMC were washed once with 
phosphate buffered saline (PBS) and resuspended in PBS containing 5% human serum 
and 0. 1% sodium azide (staining buffer). Cells were then incubated with 50 \xL of 
hybridoma culture supernatant or isotype matched control mAbs MOPC 141 (IgG2b), 
UPC 10 (IgG2a) or TEPC 183 (IgM) (isotype control mAbs were used at 1 jig/mL and 
were purchased from Sigma Chemical Co., St. Louis, MO) for 20 minutes at 4°C. 
Then, the cells were washed with staining buffer and resuspended in 50 jxL FITC- 
conjugated, affinity purified F(ab')2 goat anti-mouse IgG (Jackson ImmunoResearch 
Laboratories) diluted 1 :200 in staining buffer. The resuspended cells were incubated for 
20 minutes at 4°C, and then washed once in staining buffer and analyzed on the 
FACScan® (Beckton-Dickenson). 
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Table 2 



Receptor 


Accession number 


CCR1 


L09230 


CCR2 


U03882 


CCR3 


U49727 


CCR4 


X85740 


CCR5 


X91492 


CCR6 


U45984 


CCR7 


L31581 


CCR8 


U62556 


GPR-9-6 (CCR9) 


U45982 


CXCR1 


M68932 


CXCR2 


M73969 


CXCR3 


X95876 


CXCR4 


A45747 


CXCR5 


X68149 


Bob (GPR15) 


U34806 


LyGPR 


X98510 


AF014958 (CRAM) 


AF014958 


V28 (Cx3CRl) 


U20350 


APJ 


U03462 


GPR5 


P46094 


RDC 


M64749 
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Chemotaxis Assay 

Primary cells (in vitro derived TH cells, LAK cells, CIK cells) or Bonzo/Ll .2 
cells were used in chemotaxis assays- 
Assays using CIK cells, TH1 cells or TH2 cells: 

Endothelial cells (ECV 304, American Type Culture Collection, Manassas, VA) 
were cultured on 6.5 mm diameter Transwell culture inserts (Costar Corp., Cambridge, 
MA) with 3.0 |im pore size. The culture media consisted of Ml 99+ 10% FCS, L- 
glutamine, and antibiotics. The assay media consisted of equal parts RPMI 1640 and 
Ml 99 with 0.5% BSA. The day before the assay, 2x1 0 5 ECV 304 cells were plated onto 
each insert of the 24 well Transwell chemotaxis plate and the plate was incubated 
at 37°C. (In some instances, ECV 304 cells were plated on the inserts up to a week 
before the assay.) SExCkine was added to the 24-well tissue culture plates in a final 
volume of 600 |J,L. Endothelial-coated Transwells were then inserted into each well and 
10 6 cells of the leukocyte type being studied were added to the top chamber in a final 
volume of 100 \iL of assay medium. The plate was incubated at 37°C in 5% C0 2 /95% 
air for 1-2 hours. The cells that migrated to the lower chamber were then removed, 
placed in FACS tubes and counted on a FACScan (Becton-Dickinson) using the 
acquisition phase at 30 second intervals. Forward angle and side scatter gates were set 
to exclude debris. 

For antibody inhibition studies, the leukocytes being studied were incubated 
with concentrated hybridoma supernatant containing anti-Bonzo mAbs, purified anti- 
Bonzo mAbs at varying concentrations or isotype matched control antibodies for about 
20 minutes at 37°C prior to being added to the top chamber of the transwell. 
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Assays using Bonzo/Ll .2 cells: 

Two days prior to the assay, the Bonzo/Ll. 2 cells were split to a density of 0.3 x 
10 6 /mL. On the day of the assay the transfected Bonzo/Ll .2 cells were centrifuged and 
resuspended at a density of 1 x 10 7 /mL in an assay buffer which consisted of DMEM 
supplemented with 10% bovine calf serum. The assay was conducted essentially as 
described above, except no endothelial cells were used. 

Preparation of Chronically Activated T H 1 and T H 2 Lymphocytes 

As previously described (Sornasse, T., et al, J. Exp. Med. y 754:473-483 (1996)), 
six-well Falcon plates were coated overnight with 10 ng/ml anti-CD28 and 2 ng/ml 
OKT3, and then washed twice with PBS. Umbilical cord blood CD4 + lymphocytes 
(Poietic Systems, German Town, MD) were cultured at 10 5 -10 6 cells/ml in DMEM with 
10% FCS and IL-2 (4 ng/ml). IL-12 (5 ng/ml) and anti-IL-4 (1 ng/ml) were used to 
direct to T H 1, while IL-4 (5 ng/ml) and anti-IFN gamma (1 ng/ml) were used to direct to 
T H 2. After 4-5 days, the activated T H 1 and T H 2 lymphocytes were washed once in 
DMEM and cultured for 4-7 days in DMEM with 10% FCS and IL-2 (1 ng/ml). 
Following this, the. activated T H 1 and T H 2 lymphocytes were re-stimulated for 5 days 
with anti-CD28/OKT3 and cytokines as described above, but with the addition of 
anti-CD95L (1 ^g/rnl) to prevent apoptosis. After 4-5 days the T H 1 and T H 2 
lymphocytes were washed and then cultured again with IL-2 for 4 days. Activated T H 1 
and T H 2 lymphocytes were maintained in this way for a maximum of three cycles. 

Preparation of CD3 Blasts 

CD3 blasts were generated using anti-CD3 antibody (OKT3, Pharmingen) and 
maintained in medium supplemented with recombinant human IL-2 as described (Wu, 
L., et aL, 1 Exp. Med., 755:1681-1692 (1997)). Briefly, 2 x 10 6 PBMC/mL in RPMI- 
1640 plus 10%o FCS were added to tissue culture plates coated with OKT3 (5 ng/mL). 
After 4-6 days of culture, blasts were removed to fresh media supplemented with 
recombinant human IL-2 (100 U/mL, Hoffinan-LaRoche, Nutley, NJ). 
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Preparation of LAK and CIK Cells 

PBMC were resuspended in complete RPMI (cRPMI) containing 1 0% FCS 
(Hyclone Labs, Logan, UT), penicillin (50 U/mL), streptomycin (50 |ag/mL), L- 
glutamine (2 mM ), 2-mercaptoethanol (50 uM). Adherent cells were removed by to 
two rounds of adherence to plastic at 37°C . LAK cells were prepared by culturing the 
resulting non-adherent cells in cRPMI supplemented with IL-2 (5 ng/mL).for 3-6 days. 
CDC cells were prepared by culturing the resulting non-adherent cells in cRPMI 
supplemented with IFNy (lOOOU/mL) for 24 hours. Then, IL-2 (final concentration 5 
ng/mL) and anti-CD3 mAb OKT3 (final concentration 25 ng/mL) were added, and the 
cells were cultured for an additional 2-3 weeks. The resulting CIK cells were 
subcultured every 3 days in fresh cRPMI supplemented with IL-2 (5 ng/mL). 

Preparation of TR1 Cells 

TR1 cells were prepared by stimulating umbilical cord blood CD4 + lymphocytes 
in the presence of IL-10. (See, for example, Groux, et al, Nature, 389:737-742 (1997)) 

Northern Blot Analysis 

Human multiple tissue northern blots i/and II and a cancer cell line blot 
(Clontech) were used to analyzed expression/of the gene encoding the Bonzo ligand. 
cDNA probes were labeled with <X 32 P-dCTT by priming with random hexamers. A 400 
bp fragment representing most of the cheihokine domain of SExCkine cDNA cloned in 
pCDEF3 (from the 5' EcoRl site (withM vector pCDEF3) to an EcoRV site of a cDNA 
encoding human SExCkine (SEQ ID NO: 3)) was used as the hybridization probe for all 
blots. Hybridization was performed/at 68°C for 1 hour in ExpressHyb (Clontech) with 
denatured probe at a concentration/of 1 X 10 6 CPM/mL. Blots were then washed for 20 
minutes in 2 X SSC/0.05% SDS it room temperature followed by high stringency 
washes at 50°C, 60°C, or 65°C \L 0. 1 X SSC/0. 1 % SDS for 20 minutes per wash and 
exposed to Kodak XAR film with an intensifying screen. 
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Construction of Recombinant SExCkine His Tagged and Alkaline Phosphatase 
Expression Plasmids 

Fusion proteins consisting of amino tenrninal regions of SExCkine fused to a C- 
terminal Histadine (His) were made in pEF-His or pEFl /V5-His A from Invitrogen 
(Carlsbad, CA) and fusion proteins consisting of N-terminal SExCkine regions fused to 
human alkaline phosphates with a C-termjnal His tag were made in the pDERF-SEAP 
vector (Y oshie, O., etal.,. J. Leukoc. BiJl, (52^:634-644 ( 1 997)). 

The alkaline phosphates fusion was producedfoy amplifying human SExCkine 
cDNA (SEQ ID NO:3) by PCR using a 5' synthetic Oligonucleotide primer that 
contained a Sail site (5'cgcgtcgacagccgagatgggacgggacttg3', SEQ ID NO: 12) and a 3' 
synthetic oligonucleotide primer that contained a/Xbal site 
(5'ggtctagatgtcctggctgtgggacca3', SEQ ID NO: A). The 5' primer (SEQ ID NO: 12) 
annealed to nucleotides 1 5-29 of SEQ ID NO/3 and encodes a protein beginning at the 
initiating Met (amino acid residue 1 of SEQ/LD NO:4) and the 3' primer (SEQ ID 
NO: 13) annealed to nucleotides 602-622 o/sEQ ID NO:3. The PCR was run for 30 
cycles (95°C (30 seconds), 55°C (30 seconds), 72°C (1 minute)).. 

Similarly, a region encoding the entire extracellular domain of SExCkine was 
made by PCR using a synthetic 5' primer that contained a BamHI site (5'gag gat cca tgg 
gac ggg act tg3', SEQ ID NO: 14) and a synthetic 3' primer that contained an Xbal site 
(5'cct eta gat gat gtc ctg get gtg gga c3', SEQ ID NO: 15). The 5' primer (SEQ ID 
NO:14) annealed to nucleotides 15-29 of SEQ ID NO:3 and encodes aprotein 
beginning at the initiating Met (amino acid residue 1 of SEQ ID NO:4) and the 3' primer 
(SEQ ID NO: 15) annealed to nucleotides 604-622 of SEQ ID NO:3. The DNA product 
was subcloned into the pEF-His vector as described below. 

Additional constructs encoding fragments' of the extracellular domain of 
SexCkine were made by PCR using a 5' primei/^SEQ ID NO: 14) and synthetic primer 
KHLL 3* (5* ggt eta gaa agt aaa tgc ttc tgg tg/ gc 3', SEQ ID NO: 16) or synthetic primer 
LMS 3' (5* cct eta gag etc ate aat tec tga acc/c 3', SEQ ID NO: 17) or synthetic primer 
155 3' (5* ggt eta gac tgg gag ggt ggg gcg/tg ag 3*, SEO ID NO:l 8). Primer KHLL 3' 
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annealed to nucleotides 345-364 of SEQ ID NO:3, and the product of the amplification 
reaction encoded residues 1 to 1 17 of SexCkine (SEQ ID NO:4). Primer LMS 3' 
annealed to nucleotides 280-300 of SEQ ID NO:3 5 and the product of the amplification 
reaction encoded residues 1 to 95 of SexCkine (SEQ ID NO:4). Primer 155 3' annealed 
to nucleotides 457-477 of SEQ ID ND:3, and the product of the amplification reaction 
encoded residues 1 to 155 of SexCWne (SEQ ID NO:4). Primers KHLL 3\ LMS 3' and 
155 3' each contained an Xbal restriction site. 

The PCR inserts were purified (Qiagen PCR purification kit), run on a 1% 
agarose gel and the fragment sizes were confirmed next to a 1 kb ladder. The PCR 
inserts and vectors (pDREF-SEAP, pEF-His, pEFl/V5-His A) were cut with the 
appropriate enzymes (Sail and Xbal, BamHI and Xbal). The inserts were ligated to the 
appropriate vector using 25 ng cut vector, 75 ng cut insert, 2 fiL ligase buffer, 1 (iL 
ligase and 5 \lL H 2 0 for a final volume of 10 |lL. The ligation reaction was incubated 
at 15°C overnight (about 14 hours). The ligation was transformed into DH10B cells 
which were plated on selective media (LB amp). Plasmids were purified from 
transformants and constructs containing the inserted PCR fragment were identified by 
restriction analysis. 

Transfection and Assays of Recombinant SExCkine Proteins 

Thirty 10 cm plates (Beckton Dickinso^) were seeded with 1 xlO 6 293T cells in 
DMEM +10% FCS. The next day the 293T/ells were transfected by adding 10 |ig 
SExCkine/SEAP DNA to 790 \iL opti-MEM (800 |iL total) and mixing it with a 
solution of 60 |iL LiptofectAMINE™ 2000 in 740 [iL opti-MEM (800 (iL total). The 
mixture was incubated at room temperature for 30 min, an additional 6.4 mL of opti- 
MEM was added to the mixture, and file mixture was added to the plates containing 
293T cells with. The plates were intubated at 37°C for 3 hours, then 8.0 mL DMEM+ 
20% FCS was added. 24 hours later the transfection mixture was removed, the plates 
were washed with 1 X PBS, and/lO mL of serum free DMEM were added. The Plates 
were then incubated for 3 dayf The media (culture supernatant) was removed and 
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filtered (500 mL filter bottle) to remove cellular debris. The harvested media was 
assayed for chemotactic activity using Bon^o/Ll.2 cells essentially as described above. 
In addition, dilution curves were generated using supernatant diluted in media in a range 
of undiluted to 1 : 1 6 to assess general activity. 

Purification of Recombinant SExCkine- Alkaline Phosphatase Fusion Protein 

A 0.79 cm 2 x 5 cm column (Biorad, Hercules, CA) was packed with 1 mL of 
anti-alkaline phosphatase agarose (Sigma #A2080). The agarose was washed with 10 
mL 1 x PBS and the protein eluted with 10 mL 50 mM sodium citrate, pH 3.2 (elution 
buffer was allowed to settle at the bottom of the column for 1 hour before elution). 10 x 
1 mL elution fraction were collected and the protein concentration of each was 
determined by the Bradford assay (10 |lL of each elution assayed). 50 |J,L of Tris base 
(pH 10.8) was added to each elution to neutralize the elution buffer. Elution fractions 
containing the fusion protein were identified by Western blot (4-20% Tris glycine gel, 
blocked with 5% milk) using an anti-His antibody (Qiagen). 

Alkaline phosphatase activity in the elution fractions was determined by spotting 
a nitrocellulose blot with 5 |lL of elution fractions 1 and 2, 5 \il Tris buffer as a 
negative control, and 5 |lL original culture supernatant as a positive control. The blot 
was blocked for 2 hours in 5% milk and developed using an alkaline phosphatase 
detection kit (ft) mL buffer, 100 |iL reagent A, 100 \lL reagent B; BioRad). 

Chemotactic activity was determined as described using 1 x 10 6 transfected LI. 2 
expressing Bonzo and 0.5 nM, 5 nM, and 25 nM purified SExCkine/SEAP 
(concentrations based on results of Bradford assay). 

RESULTS AND DISCUSSION 

During the course of this study a natural ligand for Bonzo, that induced 
chemotaxis of Bonzo/L1.2 cells, was identified. This ligand is referred to herein as 
SExCkine (Spleen Extracted Chemokme, SEQ ID NO:4). SExCkine is a CXC 
chemokine based upon the positions of conserved cysteine residues. However, the 
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SExCkine protein includes an N-terminal chemokine domain, a membrane-proximal 

mucin domain, a transmembrane region and a cytoplasmic tail (Figure 3, Figure 30). 

Thus, SExCkine is structurally similar to the CX3C chemokine fractalkine (Bazan, J.F., 

et al., Nature 385(661 7j:640-644 (1997)). The primary structure indicates that 

5 SExCkine can be expressed on the cell membrane (as an integral membrane protein). 

Chemoattractant activity was found in the supernatant of 293T cells transfected with a 

cDNA (SEQ ID NO: 3)' encoding the full length protein (Figure 7). Thus, at least some 

SExCkine is processed (e.g., by cleavage) to form a soluble chemokine. 

Multiple transcripts which hybridized with a SExCkine cDNA probe were 

10 detected in many tissues, including, spleen, thymus, prostate, testis, ovary, small 

u intestine, colon, peripheral blood leukocytes, pancreas, kidney, liver, lung, placenta, 

*0 

01 brain and heart, and several cancer cell lines, including melanoma, lung carcinoma, 

r~ 

colorectal adenocarcinoma, Burkitt's Lymphoma, lymphoblastic leukemia, Hela cells 

1=3? 

5 and promelocytic leukemia HL60, by Northern blot analysis. High expression of a 1 .8 

01 

yj 15 kb transcript which corresponds in size to isolated cDNA encoding human SExCkine 

(SEQ ID NO:3) was seen in spleen, peripheral blood leukocytes, prostate, testis and 
ovary. The nature of other hybridizing transcripts, which can be partially processed 



O 



molecules or molecules with a similar nucleotide sequence, is under investigation. 



m 
N 

rf A panel of antibodies which bind human ^onzo were produced by immunizing 

20 mice with transfected LI. 2 cells that expressed high levels of Bonzo. The antibodies 
specifically bound to Bonzo expressed on the/surface of Bonzo/L1.2 cells (Figures 8A- 
8D) but did not bind to transfected LI. 2 ceLfe which expressed CCR1, CCR2, CCR3, 
CCR4, CCR5, CCR6, CCR7, CCR8, CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, 
GPRS, V28, GPR9-6, Bob, LyGPR, A^V APJ or RDC (Figures 9A-9G). The antibodies, 
25 (e.g., mAbs 4A1 1, 7A2 and 7F3) inhibited the binding of SExCkine to Bonzo (Figure 
10, Figure 31, Table 1). Staining sfadies revealed that Bonzo is expressed on small 
populations of CD4 + and CD8 + J sells as well as on CD167CD56* NK cells. However, 
no expression of Bonzo was observed on CD197CD20 + B cells or on CD14 + monocytes 
(Figures 1 1 A-l 1H). Multi-ofolor staining studies were performed to analyzed the co- 
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expression of Bonzo and other cell surface proteins (Figures 12A-12D, 13A-13J, 14A- 
14H, 15A-15C, 16A-16D). These studies revealed that Bonzo is expressed 
predominantly on CD45RO hl memory lymphocytes. Furthermore, Bonzo expression 
was detected on both skin homing (CLA + ) and gut homing (cc4p7 + and aE + ) CD4 + 
lymphocytes (Figures 12A-12D). Bonzo was co-expressed with CCR1, CCR2, CCR5, 
CCR6, CXCR1, CXCR2 or CXCTG on lymphocytes (Figures 13A-13J). 




Bonzo expression was detected on the surface of a rare population of potent 
"anti-tumor" cytotoxic effector cells which are CD3 + CD56 + CD8 + (Figures 16A-16D). 
These cells include lymphokine activated killer cells (LAK) and cytokine-induced killer 
cells (CIK). Chemotaxis of both LAK (Figure 18) and CIK (Figure 21) cells was 
induced by SExCkine, and in the case of CIK cells, the chemotaxis was completely 
inhibited by mAb 7F3 (Figure 21). Further studies revealed that Bonzo is expressed on 
other subsets of chronically activated lymphocytes. In fact, staining of CD3 blasts was 
characterized by an increase in cell surface Bonzo expression over time (Figure 22). 
Similar activation- induced expression was observed on in vitro derived TH1, TH2 and 
TR1 lymphocytes (Figures 24B and 24E, 25B and 25E, 26B and 26E). The increase in 
Bonzo expression on these in vitro derived cells paralelled their ability to chemotax to 
conditioned supernatant from SExCkine transfected 293T cells (Figures 27 and 28). 
Furthermore, SExCkine-induced chemotaxis of in vitro derived TH2 cells was inhibited 
by the anti-Bonzo mAb 7F3 (Figure 28). 

Recombinant proteins consisting of the entire extracellular domain (or fragments 
thereof) of SExCkine fused to either a C-terminal His tag or to human placental alkaline 
phosphatase (i.e., carboxyl terminal residue of SExCkine moiety bonded to amino 
terminal residue of alkaline phosphatase moiety) were produced. One of the proteins 
contained the entire predicted extracellular domain of SExCkine (truncated after T202) 
fused to alkaline phosphates (pDEF SExCkine/SEAP), others consisted of the 
extracellular domain of SExCkine truncated in the middle of the mucin domain (after 
VI 55) and cloned into vector pEF or pCDEF3. These proteins were produced by 
transient expression in 293T cells and tested for chemoattractant activity in chemotaxis 
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assays. The chemoattractant activity of the truncated recombinant proteins was about 
equivalent to that of SExCkine produced by expression of the full length cDNA (SEQ 
ID NO:3) (Figure 29). 

In a further study, a synthetic peptide consisting of amino acid residues 30 (Asn) 
5 to 95 (Ser) of SExCkine (SEQ ID NO:4) was produced. This peptide also induced 
chemotaxis of Bonzo/L1.2 cells. These data demonstrate that fragments of the amino 
terminal region of SExCkine (e.g., peptides derived from the extracellular domaine of 
SExCkine (SEQ ID NO:4)) can bind Bonzo and induce chemotaxis of Bonzo + cells. 

This study demonstrates that recombinant SExCkine and recombinant proteins 

10 encoding parts of the amino terminal portiori of SExCkine can be used in conjunction 
with Bonzo (e.g., a cell expression Bonzo Vm receptor binding assays and functional 
assays to screen for potential agonists ana antagonists of Bonzo. Considering that 
Bonzo is highly expressed on all classes of chronically stimulated T cell subsets, 
antagonists of the receptor (e.g., mAys 4A1 1, 7A2 and 7F3) can be administered to treat 

15 chronic inflammatory diseases. Furthermore, agonists of Bonzo (e.g., SExCkine) can be 
administered to recruit killer T ce)4 subsets to, for example, solid tumors or sites of 
infection. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
20 various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



